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ABSTRACT
S t u d i e s  on l e v e l s  o f  endogenous  growth  p r o m o t e r s  and i n h i b i t o r s  
t h a t  r e g u l a t e d  n a t u r a l  shuck  o p e n i n g ,  r e g u l a t i o n  o f  abnormal  shuck  
o p e n in g  by ho rm ones ,  and e f f e c t s  o f  s e v e r a l  exogenous  g rowth  r e g u l a t o r s  
on shuck  o p e n in g  and k e r n e l  y i e l d  were c o n d u c te d .
In t h e  s t u d i e s  on t h e  r e g u l a t i o n  o f  n a t u r a l  shuck o p e n in g  o f  
p e c a n  by endogenous  g rowth  s u b s t a n c e s  and t h e  r e g u l a t i o n  o f  abnorm al  
shuck  o p e n i n g ,  t h e  f r u i t s  were e t h e r - e x t r a c t e d  and f r a c t i o n a t e d  i n t o  
a c i d i c  and n e u t r a l / b a s i c  f r a c t i o n s  which were t h e n  p a r t i t i o n e d  by  p a p e r  
c h r o m a to g r a p h y  u s i n g  . n - b u t a n o l : ammonium h y d r o x i d e  :w a t e r  ( 1 0 : 1 : 1 ) a s  t h e  
s o l v e n t .  Avena c o l e o p t i l e  s t r a i g h t - g r o w t h  method was employed i n  t h e  
b i o a s s a y s  o f  g rowth  p r o m o t e r s  and i n h i b i t o r s  on t h e  c h rom a tog ra m s .
H i s to g r a m s  o f  c o l e o p t i l e  g r o w t h ,  e x p r e s s e d  as  p e r c e n t  o f  t h e  
c o n t r o l  a g a i n s t  10 Rf v a l u e s ,  were p l o t t e d  from t h e  r e s u l t s  o f  t h e  
b i o a s s a y s .  C o n c l u s i o n s  and s u g g e s t i o n s  were b a s e d  on t h e  i n t e r p r e t a t i o n  
o f  t h e  h i s t o g r a m s  and s t a t i s t i c a l  a n a l y s e s  o f  t h e  d a t a .
l n d o l e p y r u v i c  a c i d ,  i n d o l c a c e t i c  a c i d ,  and g i b b e r e l l i n  o r  a 
g i b b c r o l l i n - l i k e  compound were t h e  p o s s i b l e  growth  p r o m o t e r s  i n  t h e  
a c i d i c  f r a c t i o n .  A b s c i s i c  a c i d  and i n h i b i t o r  C were t h e  p o s s i b l e  
g rowth  i n h i b i t o r s  i n  t h e  a c i d i c  f r a c t i o n .  P h e n o l i c  a c i d s  were  t h e  
i n h i b i t o r ( s )  p r e s e n t  i n  t h e  n e u t r a l / b a s i c  f r a c t i o n .
Data  o b t a i n e d  s u g g e s t  t h a t  a p r o m o t e r / i n h i b i t o r  b a l a n c e  was 
i n v o l v e d  i n  t h e  r e g u l a t i o n  o f  n a t u r a l  p e c a n  shuck  o p e n i n g .  The o c c u r ­
r e n c e  o f  n a t u r a l  p e c a n  shuck  o p e n in g  was f i r s t  gov e rn e d  by t h e
xiv
d i s a p p e a r a n c e  o f  GA or  t h e  g i b b e r e l l i n - l i k e  compound and t h e n  f o l l o w e d  
by t h e  d i s a p p e a r a n c e  o f  a u x i n s  and i n c r e a s e s  i n  a b s c i s i c  a c i d  and 
i n h i b i t o r  C.
The mechanism r e g u l a t i n g  t h e  n a t u r a l  shuck  o p e n in g  was p r o p o s e d .  
The d i s a p p e a r a n c e  o f  GA o r  t h e  g i b b e r e l l i n - l i k e  compound i n d u c e d  i n d o l e -  
a c e t i c  a c i d  t o  be p h y s i o l o g i c a l l y  a c t i v e  i n  r e g u l a t i n g  e t h y l e n e  
p r o d u c t i o n .  E t h y l e n e  i n d u c e d  t h e  p r o d u c t i o n  o f  IAA o x i d a s e  o r  
p e r o x i d a s e  which c a t a l y s e d  t h e  o x i d a t i o n  o f  IAA, and c a u s e d  a  s h i f t  i n  
t h e  hormonal  b a l a n c e  in  f a v o r  o f  a b s c i s i c  a c i d  making i t  p h y s i o l o g i c a l l y  
a c t i v e  i n  r e g u l a t i n g  shuck  o p e n in g  by r e g u l a t i n g  t h e  s y n t h e s i s  o f  
c e l l u l a s e  which  was r e s p o n s i b l e  f o r  t h e  d i s s o l u t i o n  o f  c e l l s  i n  t h e  
a b s c i s s i o n  zone be tw een  t h e  s e e d  and t h e  shuck  and i n  t h e  s u t u r e s  o f  
t h e  shuck .
Two s i t u a t i o n s  a r i s e d  from t h e  s t u d i e s  on t h e  r e l a t i o n s h i p  
be tw e en  t h e  endogenous  g fowth  ho rmones and pe c a n  shuck d i s e a s e .  Pecan  
shuck  d i s e a s e  i n  S i t u a t i o n  1 was p r o b a b l y  due t o  t h e  a b s e n c e  o f  GA o r  
t h e  g i b b e r e l l i n - l i k e  compound accom pan ied  by low l e v e l s  o f  a u x i n s  and 
p h e n o l i c  a c i d s .  Pecan shuck d i s e a s e  i n  S i t u a t i o n  2 was p r o b a b l y  due  t o  
t h e  p r e s e n c e  o f  g rowth  i n h i b i t o r ( s )  p a r t i c u l a r l y  a t  Rf  0 . 1 - 0 . 4 ,  and 
t h e  a b s e n c e  o f  GA or  t h e  g i b b e r e l l i n - l i k e  compound a t  Rf  0 . 8 - 0 . 9  i n  
t h e  a c i d i c  f r a c t i o n .  In  b o t h  c a s e s ,  pe c an  shuck d i s e a s e  r e s u l t e d  in  
p r e m a t u r e  shuck o p e n in g .
S e v e r a l  exogenous  g row th  r e g u l a t o r s  were a p p l i e d  as  s p r a y s  on 
f o l i a g e  and f r u i t s  o f  t h e  c u l t i v a r  ' S u c c e s s ' .  GA and A l a r ,  s i n g l y  o r  
i n  c o m b i n a t i o n  w i t h  one a n o t h e r ,  s i g n i f i c a n t l y  r e d u c e d  t h e  i n c i d e n c e  
o f  p e c a n  shuck d i s e a s e .  GA x A l a r  was most  e f f e c t i v e  i n  r e d u c i n g  t h e
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i n c i d e n c e  o f  p e c a n  shuck  d i s e a s e .  GA was o b s e r v e d  t o  be more 
e f f e c t i v e  t h a n  A l a r .
S y n t h e t i c  c y t o k i n i n  (PBA), GA, a n d / o r  IAA a p p l i c a t i o n s  r e d u c e d  
t h e  i n c i d e n c e  o f  p e c a n  shuck  d i s e a s e  t o  a c e r t a i n  e x t e n t ,  b u t  t h e s e  
r e d u c t i o n s  were n o t  s i g n i f i c a n t .  IAA a t  100 ppm i n c r e a s e d  t h e  
i n c i d e n c e  o f  pe c a n  shuck  d i s e a s e .  O v e r - d o s a g e  o f  exogenous  IAA 
a p p l i c a t i o n ,  a u x i n - i n d u c e d  e t h y l e n e  p r o d u c t i o n ,  and weak p h y s i o l o g i c a l  
s t a g e  o f  t h e  t r e e  w ere  t h e  r e a s o n s  s u g g e s t e d  f o r  suc h  i n c r e a s e  i n  t h e  
i n c i d e n c e  o f  pe c a n  shuck  d i s e a s e .
K i n e t i n ,  and c o m b i n a t i o n s  o f  k i n e t i n  and A l a r  among g rowth  
s u b s t a n c e s  s t u d i e d  were  found t o  be  l e a s t  e f f e c t i v e  i n  r e d u c i n g  t h e  
i n c i d e n c e  o f  pe c a n  shuck  d i s e a s e .
Kerne l  y i e l d  was n o t  a good c r i t e r i o n  t o  e v a l u a t e  t h e  e f f e c t s  
o f  t h e  g rowth  s u b s t a n c e s  s t u d i e d  b e c a u s e  f r u i t s  were  h a r v e s t e d  
p r e m a t u r e l y .
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INTRODUCTION
P e c a n ,  C a rya  i l l i n o e n s i s  (Wang) K. Koch, i s  one o f  t h e  most  
v a l u a b l e  and p o p u l a r  n u t  c ro p s  i n  t h e  U n i t e d  S t a t e s  o f  A m er ica .  I t s  
p r o d u c t i o n  and p r o c e s s i n g  c o n s t i t u t e  t h e  l a r g e s t  com m erc ia l  n u t  
i n d u s t r y  (22 ,  21S) .  However,  t h e r e  e x i s t s  a  d i s e a s e  o r  p h y s i o l o g i c a l  
d i s o r d e r  o f  pecan  f r u i t  ( pecan  shuck  d i s e a s e ) , which h a s  been  known 
f o r  many y e a r s ,  b u t  lias r e c e i v e d  l i t t l e  a t t e n t i o n  u n t i l  r e c e n t  y e a r s .
Pecan shuck d i s e a s e  i s  a w i d e s p r e a d  p r o b le m  t h a t  c a u s e d  
c o n s i d e r a b l e  l o s s e s  t o  t h e  g row ers  i n  t h e  s o u t h  and s o u t h w e s t  U n i t e d  
S t a t e s .  There  a r e  l i m i t e d  r e s e a r c h  d a t a  f rom which  a c o n c l u s i o n  
c o n c e r n i n g  t h e  d i s p o s i t i o n  o f  t h i s  d i s e a s e  can be  drawn.
The f a i l u r e  i n  i s o l a t i n g  and i d e n t i f y i n g  any p o s s i b l e  p a th o g e n  
from t h e  d i s e a s e d  f r u i t s  and t h e  f a i l u r e  o f  im proved  c u l t u r a l  p r a c t i c e s  
t o  r e d u c e  o r  c o n t r o l  t h e  d i s e a s e  (132)  have  s w i t c h e d  r e s e a r c h  emphas i s  
t o  t h e  i n t e r n a l  f a c t o r s  i n v o l v e d  i n  t h e  o c c u r r e n c e  o f  t h e  d i s e a s e .
A c c o rd in g  t o  Lipe  and Morgan (193 ,  194 ) ,  t h e  c o n c e p t  o f  
d e h i s c e n c e  o f  f r u i t s  a p p e a r s  t o  have  been  g o ve rne d  by t h e  endogenous  
b a l a n c e  o f  d e h i s c e n c e  p r o m o t e r s  and i n h i b i t o r s  r e s u l t i n g  i n  a c o n d i t i o n  
t h a t  f a v o r s  t h e  p r o d u c t i o n  o f  p r e m a t u r e  s h u c k - d r y i n g  p r o m o t e r ( s ) .
In  an a t t e m p t  t o  i n v e s t i g a t e  t h i s  c o n c e p t ,  t h e  f o l l o w i n g  s t u d i e s  
were i n i t i a t e d  t o  d e t e r m i n e  t h e  l e v e l s  o f  c x t r a c t a b l e  growth  hormones 
i n  pe c a n  f r u i t .  An a t t e m p t  t o  i n d u c e  o r  r e d u c e  t h i s  d i s e a s e  by t h e  
a p p l i c a t i o n  o f  s y n t h e t i c  growth  r e g u l a t o r s  was a l s o  c a r r i e d  o u t .
I t  i s  hoped t h a t  t h e  r e s u l t s  o f  t h e s e  s t u d i e s  w i l l  c o n t r i b u t e  a
1
2b e t t e r  u n d e r s t a n d i n g  o f  t h e  mechanism r e g u l a t i n g  t h e  o c c u r r e n c e  o f  t h e  
p e c a n  shuck d i s e a s e  and w i l l  a i d  i n  t h e  d e v e lo p m e n t  o f  a p r a c t i c a l  
method o f  c o n t r o l l i n g  t h i s  d i s e a s e .
REVIEW OP LITERATURE
Pecan  Shitek D i s e a s e
The S u c c e s s  cv .  has  d e m o n s t r a t e d  t h e  h i g h e s t  l e v e l  o f  s u s c c p -  
t i b i t y  t o  shuck  d i s e a s e ,  hu t  c u l t i v a r s  h a v i n g  S u c c e s s  a s  a p a r e n t  a r e  
f r e q u e n t l y  p r e d i s p o s e d  t o  a h i g h  l e v e l  o f  s u s c e p t i b i l i t y  ( 1 3 2 ) .  I t  has  
a l s o  been o b s e r v e d  t o  a l e s s e r  e x t e n t  i n  t h e  c u l t i v a r s :  Moore,  B rooks ,
E l l i o t ,  Mahan, D e s i r a b l e ,  Mohawk, J e n n i n g s ,  B r a d l e y ,  F a r l e y ,  B a r t o n ,  
S c h l e y ,  and S t u a r t  ( 1 3 1 ) .
The d i s e a s e  i s  e v i d e n c e d  by t h e  p r e m a t u r e  d r y i n g  o f  c i t h e r  t h e  
a p e x  ( d i s t a l )  end o r  t h e  s tem ( p r o x i m a l )  end o f  t h e  shuck  ( 1 3 1 ) .  
U a l l i w e l l  and  Jo h n s o n  (132)  and S c h a l l e r  and K enkn igh t  (280)  c h a r a c ­
t e r i z e d  t h e  p r e m a t u r e  d r y i n g  o f  t h e  apex end o f  t h e  shuck  as  'Shuck 
d i e b a c k ' ,  and t h e  p r e m a t u r e  d r y i n g  o f  t h e  s tem  end o f  t h e  shuc k  as  
'S t e m  end b l i g h t ' .  The d r y  a r e a  has  a b u r n e d  a p p e a r a n c e  and ha s  been  
r e f e r r e d  t o  as  ' s h u c k  b u r n i n g '  ( 1 3 1 ) .
S i n c e  t i i e  d a t e  o f  t e r m i n a t i o n  o f  f i l l i n g  o f  t h e  n u t s  n o t i c e a b l y  
a f f e c t e d  nu t  q u a l i t y  and  s h e l l i n g  p e r c e n t a g e ,  shuck  d i s e a s e  g r e a t l y  
r e d u c e d  t h e  w e i g h t ,  d e n s i t y ,  s h e l l i n g  p e r c e n t a g e ,  and g r a d e  o f  t h e  n u t s  
(277 ) .
Shuck d i e b a c k  h a s  been  o b s e r v e d  to  be p r i m a r i l y  a d i s e a s e  o f  t h e  
c u l t i v a r ,  S u c c e s s ,  and t h o s e  c u l t i v a r s  w i t h  S u c c e s s  a s  p a r e n t a g e .  I t  
u s u a l l y  o c c u r s  a month t o  t h r e e  weeks p r i o r  t o  t h e  no rmal  o p e n in g  o f  
t h e  shuck .  N e c r o s i s  o c c u r s  a t  t h e  d i s t a l  end o f  t h e  shuck  and i s  soon  
f o l l o w e d  by  p r e m a t u r e  d r o p  ( 1 3 3 ) .
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4Shuck d i e b a c k  has  n o t  been p r e v e n t e d  o r  a l l e v i a t e d  by c o r r e c t i v e  
p r o d u c t i o n  p r a c t i c e s  such a s  f e r t i l i z a t i o n  i n c l u d i n g  m ac ro -  and m i c r o ­
e l e m e n t s ,  i r r i g a t i o n ,  and t h e  c o n t r o l  o f  d i s e a s e s  and i n s e c t s .
Nem atodes ,  v i r u s e s ,  f u n g i ,  and b a c t e r i a  were  s y s t e m a t i c a l l y  r u l e d  o u t  
( 133 ) .
T y p i c a l  shuck  d i e b a c k  symptoms were e x p e r i m e n t a l l y  p r o d u c e d  by 
g i r d l i n g  t h e  p e d u n c l e  ( f r u i t  s t e m ) ,  t r e a t m e n t  w i t h  l l t h r c l  and e t h y l e n e .  
I n d e e d ,  shuck d i e b a c k  was p r e v e n t e d  and normal  shuck o p e n in g  d e l a y e d  by 
t r e a t m e n t  w i t h  e t h y l e n e  a c t i o n  s u p p r e s s a n t s ,  c a r b o n  d i o x i d e  and a u x i n  
(133 ) .
Stem end b l i g h t ,  known as  ' s t i c k y  s h u c k '  may f i r s t  a p p e a r  i n  t h e  
l a t e  summer a s  a  b l a c k  n e c r o t i c  s p o t  a t  o r  n e a r  t h e  p r o x im a l  end o f  t h e  
immature  sh u c k .  T h i s  s p o t  e n l a r g e s  and e n g u l f s  t h e  who le  sh u c k .  The 
shuck  u s u a l l y  c l i n g s  t o  t h e  n u t  p r o d u c i n g  a ' s t i c k  t i g h t 1 . I t  o c c u r s  
on most  c u l t i v a r s  when t h e  n u t s  a r e  n e a r  f u l l y  expanded  u n t i l  t h e  n u t  
s h e l l  i s  h a r d e n e d  ( 1 3 3 ) .
Symptoms o f  s tem  end b l i g h t  c o u l d  be in d u c e d  e x p e r i m e n t a l l y  a t  
random by p u n c t u r i n g  t h e  s o f t  s h e l l  membrane w i t h  a n e e d l e  d u r i n g  t h i s  
p e r i o d .  N e c r o s i s  i s  f o l l o w e d  by f o r m a t i o n  o f  t h e  n u t  a b s c i s s i o n  zone 
r e s u l t i n g  i n  p r e m a t u r e  d ro p  (133 ) .
Based on t h e  o b s e r v a t i o n s  by U a l l i w e l l  and J o h n s o n  (133)  and 
S c h a l l c r  and  K enkn igh t  ( 2 8 0 ) ,  s tem end b l i g h t  may be c o n t r o l l e d  by r i g i d  
f u n g i c i d e  and i n s e c t i c i d e  a p p l i c a t i o n s  d u r i n g  th e  l a t e  summer.
O b s e r v a t i o n s  from U a l l i w e l l  and Jo h n s o n  (133)  a l s o  s u g g e s t e d  t h a t  
c o p i o u s  amounts  o f  e t h y l e n e  m ig h t  be r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  
t h e  pe c a n  shuck  d i s e a s e  complex.
Osburn  e t  a l .  (245)  r e p o r t e d  t h a t  n u t s  f r e q u e n t l y  d r o p p e d  a s  a
5r e s u l t  o f  s t i n k  bug damage.
U a l l i w e l l  and J o h n s o n  (133) a l s o  o b s e r v e d  t h a t  t h e  S u c c e s s  
c u l t i v a r ,  was v e r y  s e n s i t i v e  t o  2 ,4 -D ,  NAA ( X - n a p h t h a l e n e  a c e t i c  a c i d )  
and I 8 A ( I n d o l e  b u t y r i c  a c i d )  were  a l s o  r e p o r t e d  t o  c a u s e  t h e  p r e m a t u r e  
d r o p p i n g  o f  pe c a n  f r u i t s .
F a c t o r s  C o n t r i b u t i n g  to  t h e  I n c i d e n c e  o f  Pecan Shuck D i s e a s e
P r e l i m i n a r y  i n v e s t i g a t i o n s  by Dodge and S c h a l l c r  (87,  8 8 ) 
i n d i c a t e d  t h a t  s o i l  t y p e ,  s i z e  o f  t h e  c r o p ,  p r u n i n g  and f u n g i c i d e  
a p p l i c a t i o n  d i d  n o t  a p p e a r  t o  s i g n i f i c a n t l y  a f f e c t  t h e  d e v e lo p m en t  o f  
shuck  d i s e a s e .  They (87 ,  8 8 ) showed t h a t  t h e r e  was a c o r r e l a t i o n  
be tw een  t h e  l e n g t h  o f  t h e  s h o o t  and d i s e a s e  s e v e r i t y .  They a l s o  
m a i n t a i n e d  t h a t  t h e r e  was a d i f f e r e n c e  i n  t h e  n u t r i t i o n a l  l e v e l s  o f  t h e  
d i f f e r e n t  s h o o t  t y p e s .  The i n c i d e n c e  o f  t h e  d i s e a s e  c o u l d  be r e d u c e d  
by m a i n t a i n i n g  a  h i g h  n u t r i t i o n a l  l e v e l  and i n c r e a s i n g  t h e  p e r c e n t a g e  o f  
l o n g e r  , s t r o n g e r  s h o o t s  ( 8 8 ) .
F x c e s s i v e  c r o p  w i t h  s p a r s e  and u n h e a l t h y  f o l i a g e ,  p o o r  t r e e  
g r o w th ,  v e i n  s p o t  i n f e c t i o n ,  s h a d i n g  o f  t h e  t r e e ,  h i g h  r a i n f a l l ,  heavy  
and w a t e r l o g g e d  s o i l  f a v o r e d  t h e  i n c i d e n c e  o f  shuck d i s e a s e  (278 ,  280) .
E t h y l e n e :  Pecan  Shuck D e h i s c e n c c
Many w o r k e r s  (44,  4 5 ,  253) have  r e p o r t e d  t h a t  e t h y l e n e  f u n c t i o n s  
a s  a r i p e n i n g  hormone i n  f r u i t s .  T h i s  r e s p o n s e  o f  r i p e n i n g  a p p a r e n t l y  
r e g u l a t e d  by endogenous  e t h y l e n e  (44 ,  45 ,  253) c o u ld  be  i n d u c e d  by t h e  
a p p l i c a t i o n  o f  exogenous  e t h y l e n e .
In  an a t t e m p t  t o  im prove  pecan  h a r v e s t i n g  by u s i n g  e t h y l e n e ,
F i n s h  (104)  i n  1936 r e p o r t e d  t h a t  e t h y l e n e  t r e a t m e n t  o f  d e t a c h e d  p e c a n  
f r u i t s  c a u s e d  shuck  d e h i s c e n c e  and s h e d d in g  o f  t h e  n u t s .  He a l s o
6i n d u c e d  an e p i n a s t y  c h a r a c t e r i s t i c  o f  e t h y l e n e  i n  l e a v e s  o f  a p o t a t o  
p l a n t  e n c l o s e d  w i t h  p e c a n  s h u c k s .
E t h y l e n e  h a s  a l s o  heen  r e p o r t e d  t o  h a s t e n  t h e  d e h i s c e n c e  o f  t h e  
shuck  o f  w a l n u t  and p e c a n  C$8 , 3 0 0 ) .  The p r o m o t i o n  o f  p e c a n  and w a ln u t  
shuck  d e h i s c e n c e  w i t h  e t h y l e n e  r e q u i r e d  36 t o  40 h o u r s .
Love e t  a l .  (205)  r e p o r t e d  t h a t  p e c a n  shuck  d e h i s c e n c e  was e a s i e r  
a f t e r  a p o s t - h a r v e s t  d i p  i n  6 ,0 0 0  ppm Hthephon f o r  30 m i n u t e s .  The 
o b s e r v a t i o n s  were  made a f t e r  t r e a t m e n t  w i t h  h thep h o n  and a f t e r  t h e  pe c a n  
f r u i t s  were  s t o r e d  f o r  s i x  da ys  a t  t e m p e r a t u r e  o f  90°F .  Hthephon was 
r e p o r t e d  t o  r e l e a s e  f r e e  e t h y l e n e  g a s ,  c h l o r i d e  and  p h o s p h a t e  upon 
d i s i n t e g r a t i o n  ( 3 3 3 ) .
L ipe  and Morgan (192 ,  194) made a p e r i o d i c  m easu rem en t  o f  
e t h y l e n e  e v o l u t i o n  by d e t a c h e d  pe c an  f r u i t s  f rom m i d - s e a s o n  u n t i l  t h e  
c o m p l e t i o n  o f  shuck  d e h i s c e n c e .  They found  t h a t  low e t h y l e n e  e v o l u t i o n  
was o b s e r v e d  u n t i l  one week b e f o r e  t h e  i n i t i a t i o n  o f  shuck  d c h i s e c n c c ,  
when a maximum r a t e  o f  a lm o s t  2 0  u l  p e r  leg f r c s l i  w e i g h t  p e r  hou r  was 
a t t a i n e d .  They c o n c l u d e d  t h a t  i n t e r n a l  l e v e l s  o f  e t h y l e n e  r o s e  t o  
d e h i s c e n c e - s t i m u l a t i n g  l e v e l s  a s u f f i c i e n t  t i m e  b e f o r e  d e h i s c e n c e  f o r  
t h e  g a s  t o  have  i n i t i a t e d  t h e  p r o c e s s ,  and t h e y  p r o p o s e d  t h a t  e t h y l e n e  
was one  o f  t h e  r e g u l a t o r s  o f  n a t u r a l  f r u i t  d e h i s c e n c e .
E t h y l e n e  e v o l u t i o n  peak  was found t o  lie be tw een  S e p te m b e r  15 and 
O c t o b e r  11 u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  a t  Texas  A f) M U n i v e r s i t y  
P l a n t a t i o n  n e a r  C o l l e g e  S t a t i o n  (192 ) .
In  1971,  l l i n r i c h s  e t  a l . (145)  a l s o  found  t h a t  Hthephon s t i m u l a t e d  
f r u i t  l o o s e n i n g  on p e c a n  and s t i m u l a t e d  l e a f  a b s c i s s i o n .  T h e i r  d a t a  
s u p p o r t e d  t h e  f i n d i n g  o f  Love e t  a l .  ( 2 0 5 ) .
In  t h e  s t u d y  on t h e  l o c a t i o n  o f  e t h y l e n e  s y n t h e s i s  i n  d e h i s c i n g
7pecan  f r u i t s ,  L ipe  and Morgan (195) found  t h a t  a l a r g e  volume ( a lm o s t  
100%) o f  e t h y l e n e  came f rom  t h e  s e e d  ( k e r n e l ) .  T h i s  I n d i c a t e d  t h a t  t h e  
r e s p o n d i n g  t i s s u e  ( sh u c k )  r e c e i v e d  i t s  m e s s a g e  t o  d e h i s c e  d i r e c t l y  a s  
e t h y l e n e  was made i n  t h e  k e r n e l .  However,  t h e  shuck  would n o t  d e h i s c e  
a month o r  more i n  a d v a n c e  o f  n a t u r a l  d e h i s c e n c e  even when t r e a t e d  w i t h  
up t o  1 , 0 0 0  u l / l i t e r  e t h y l e n e .
Aux ins
S i n c e  t h e  d i s c o v e r y  o f  t h e  g r o w t h - p r o m o t i n g  s u b s t a n c e ,  i n d o l e -  
a c e t i c  a c i d  (IAA) i n  Avena s a t i v a  by Went (337)  i n  1026,  and i t s  
i s o l a t i o n  i n  v a r i o u s  p l a n t  t i s s u e s  (175 ,  3 1 4 ) ,  t h e  e f f e c t s  o f  a u x i n s  on 
t h e  g rowth  o f  p l a n t s  had b e e n  d e m o n s t r a t e d  by many w o r k e r s .  D e v l in  (83)  
h a s  made some c o m p r e h e n s i v e  r e v i e w s  on t h e  p h y s i o l o g i c a l  e f f e c t s  o f  
a u x i n  on c e l l  e l o n g a t i o n ,  p h o t o t r o p i s m ,  g c o t r o p i s m ,  a p i c a l  dom inance ,  
r o o t  i n i t i a t i o n ,  p a r t h e n o c a r p y  o f  f r u i t s ,  r e s p i r a t i o n ,  and c a l l u s  
f o r m a t i o n .
The h i g h e s t  c o n c e n t r a t i o n s  o f  a u x in  h a s  been found  i n  t h e  
g row ing  t i p s  o f  t h e  p l a n t ,  t h a t  i s ,  i n  t h e  t i p s  o f  t h e  c o l e o p t i l e s ,  b u d s ,  
and i n  t h e  g row ing  t i p s  o f  l e a v e s  and r o o t s  ( 8 3 ) .
Auxin wh ich  i s  found  w i d e l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  p l a n t ,  was 
u n d o u b t e d l y  t r a n s p o r t e d  from t h e  m e r i s t e m a t i c  r e g i o n  t o  t h e  o t h e r  p a r t s  
o f  t h e  p l a n t  ( 8 3 ) .  T h i s  w i d e s p r e a d  o c c u r e n c e  o f  a u x in  i n  t h e  p l a n t  has  
been s u p p o r t e d  by s e v e r a l  s t u d i e s  (313 ,  315,  3 2 6 ) .
H a t c h e r  (138)  found  t h a t  a u x in  c o n t e n t  i n  t h e  a p p l e  t w i g s  r o s e  
i n  t h e  s p r i n g  a s  g row th  g o t  unde rw ay ,  and i t  s u b s e q u e n t l y  d e c l i n e d  
t h r o u g h  t h e  g row ing  s e a s o n ;  t r a i l i n g  a f t e r  it .  was a d e c l i n e  i n  t h e  
g row th  r a t e  u n t i l  autumn,  hong s h o o t s  o f  Ginkgo was c o r r e l a t e d  w i t h
8l a r g e  and c o n t i n u i n g  s u p p l i e s  o f  a u x i n  w h i l e  s h o r t  s h o o t s  d e v e l o p e d  a 
d i m i n u t i v e  s u p p l y  ( 1 2 4 ) .
C o r r e l a t i o n s  b e tw e en  a u x in  c o n t e n t  o f  t i s s u e s  and growtli  r a t e s  
have  been  found  i n  many i n s t a n c e s .  R e s u l t s  by S c o t t  and B r i g g s  (285)  
showed t h a t  t h e  g rowth  r a t e  i n  p e a  s tems  d w i n d l e d  f rom t h e  apex to w a rd  
t h e  b a s e  o f  t h e  p l a n t ,  as  d i d  t h e  a u x in  c o n t e n t .
Thimann (314)  d e m o n s t r a t e d  t h a t  c u l t u r e s  o f  Rh izopus  s u i n u s  
c o u l d  c o n v e r t  t h e  amino a c i d ,  t r y p t o p h a n  t o  IAA. S i n c e  t h e n ,  much 
work had  been  done t o  show t h e  c o n v e r s i o n  o f  t r y p t o p h a n  t o  IAA.
G e n e r a l l y ,  t r y p t o p h a n  was c o n s i d e r e d  t o  be  t h e  p r i m a r y  p r e c u r s o r  
o f  IAA. L a b e le d  t r y p t o p h a n  was c o n v e r t e d  t o  ^ C - I A A  i n  w a te rm e lo n  
s l i c e s  ( 7 7 ) ,  cabbage  s h o o t s  ( 1 7 9 ) ,  to m a to  and b a r l e y  s h o o t s  ( 1 1 8 ) ,  l im e  
f r u i t s  ( 1 7 3 ) ,  t o b a c c o  s h o o t s  ( 2 4 7 ) ,  bean  s h o o t s  ( 3 4 ) ,  and bean  r o o t s  
( 2 2 4 ) .
Sa lam i  and K c n c f ic k  (274)  had i n d i c a t e d  t h a t  i n d i r e c t l y  z i n c  was 
n e c e s s a r y  f o r  t h e  s y n t h e s i s  o f  o p t i m a l  l e v e l s  o f  t r y p t o p h a n  i n  t h e  
t i s s u e  o f  c o rn  s e e d l i n g s .
Wildman e t  a l . (343)  i s o l a t e d  an e n z y m a t i c  s y s t e m  t h a t  was 
c a p a b l e  o f  c o n v e r t i n g  t r y p t o p h a n  t o  IAA i n  s p i n a c h  l e a v e s .  The p r e s e n c e  
o f  an enzyme c a p a b l e  o f  c o n v e r t i n g  t r y p t o p h a n  t o  IAA i n  Avona 
c o l e o p t i l e s  showed a c l o s e  a g re e m e n t  be tw een  t h e  d i s t r i b u t i o n  o f  IAA 
and t h e  enzyme ( 3 4 4 ) .  In  1970,  Sherwin  (288)  showed t h a t  t r y p t o p h a n  
t r a n s a m i n a s e ,  an enzyme c a p a b l e  o f  c o n v e r t i n g  t r y p t o p h a n  t o  t r y p t a m i n e ,  
an i n t e r m e d i a t e  t o  IAA, was d e t e c t e d  i n  cucumber s e e d l i n g s  and in  
numerous o t h e r  p l a n t  s p e c i e s  ( 3 2 1 ) .
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The i n i t i a l  d i s c o v e r y  t h a t  a u x i n  r e g u l a t e d  t h e  p r o d u c t i o n  o f  
e t h y l e n e  was made by a few w o r k e r s  (73 ,  3 5 8 ) .  They o b s e r v e d  t h a t  NAA 
and IAA p r o d u c e d  e f f e c t s  on p l a n t s  i n c l u d i n g  e p i n a s t y ,  i n h i b i t i o n  o f  
g r o w t h ,  r o o t  i n d u c t i o n ,  t i s s u e  s w e l l i n g ,  s i m i l a r  t o  t h e  c h a r a c t e r i s t i c s  
o f  e t h y l e n e .  A b e lc s  (1) r e p o r t e d  t h a t  2 , 4 - d i c h l o r o p h e n o x y a c e t i c  a c i d  
and i t s  v a r i o u s  a n a l o g s  and amino a c i d s  s u c h  as  g l u t a m i c  a c i d ,  a l a n i n e ,  
and m e t h i o n i n e  s t i m u l a t e d  s b s c i s s i o n  and s i m u l t a n e o u s l y  a c c e l e r a t e d  
e t h y l e n e  e v o l u t i o n  on c o t t o n  e x p l a n t .
The f a c t  t h a t  a u x in  i n c r e a s e d  e t h y l e n e  e v o l u t i o n  was c o n f i r m e d  
by A b e lc s  and R u b i n s t e i n  ( 1 2 ) ,  and Morgan and H a l l  (230 ,  231) by u s i n g  a 
more p r e c i s e  a n a l y t i c a l  t e c h n i q u e ,  ga s  c h r o m a to g r a p h y .  S c h n e i d e r  (281)  
a l s o  r e p o r t e d  t h a t  NAA s p r a y  c a u s e d  t h i n n i n g  o f  a p p l e  f r u i t s  and a l s o  
i n c r e a s e d  e t h y l e n e  e v o l u t i o n .
L a t e r ,  e x t e n d e d  s t u d i e s  by o t h e r s  i n d i c a t e d  t h a t  a u x i n - i n d u c e d  
e t h y l e n e  p r o d u c t i o n  a l s o  p l a y e d  a  r o l e  i n  a b s c i s s i o n  ( 1 2 ) ,  i n h i b i t i o n  o f  
f l o w e r i n g  i n  Xanthium ( 2 ) ,  i n h i b i t i o n  o f  s tem e l o n g a t i o n  (46,  4 7 ) ,  
i n h i b i t i o n  o f  r o o t  e l o n g a t i o n  (59 ,  6 0 ) ,  i s o c o u m a r i n  f o r m a t i o n  i n  c a r r o t s  
( 6 1 ) ,  f a d i n g  o f  o r c h i d  f l o w e r s  (50 ,  8 6 ) ,  bean  h y p o c o t y l  hook o p e n i n g  
(166 ,  1 6 7 ) ,  s w e l l i n g  o f  o n i o n  l e a f  b a s e s  ( 1 8 8 ) ,  i n d u c t i o n  o f  p h e n y l ­
a l a n i n e  ammonium l y a s e  i n  p a r s n i p  I’oo t  ( 2 6 0 ) ,  c h a n g in g  t h e  s e x  o f  f l o w e r  
i n  c u c u r b i t s  ( 2 8 7 ) ,  and l a t e x  f low in  r u b b e r  t r e e  ( 7 8 ) .
Auxin d i d  n o t  a f f e c t  e t h y l e n e  p r o d u c t i o n  i n  m a t u r e  f r u i t s  o f  
a p p l e ,  p e a r ,  and to m a to  ( 1 2 ) .  They s u g g e s t e d  t h a t  t h e  a b s e n c e  o f  an 
e f f e c t  on m a t u r e  f r u i t s  m ig h t  be due t o  t h e  f a c t  t h a t  t h e  p o t e n t i a l  f o r  
e t h y l e n e  p r o d u c t i o n  i n  t h e s e  t i s s u e s  was a l r e a d y  f u l l y  e x p r e s s e d  and  
l i m i t e d  lay f a c t o r s  n o t  u n d e r  hormonal  c o n t r o l .
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Morgan and H a l l  (230) found  t h a t  e t h y l e n e  t r e a t m e n t  i n c r e a s e d  
b o t h  IAA o x i d a s e  and p e r o x i d a s e  a c t i v i t y  o f  e x t r a c t s  f rom e t h y l e n e  
f u m i g a t e d  p l a n t s .  S c h w c r t n e r  and  Morgan (283)  s u p p o r t e d  t h e i r  i d e a  
(230) w i t h  t h e  o b s e r v a t i o n  t h a t  a u x in  o x i d a s e  c o f a c t o r s  (monopheno ls )  
s p e e d e d  a b s c i s s i o n .
I n d u c t i o n  o f  s y n t h e s i s  o f  new RNA and p r o t e i n  by e x o g e n o u s ly  
a p p l i e d  IAA has  been  shown i n  a  v a r i e t y  o f  p l a n t  t i s s u e .  A p p l i e d  IAA 
had i n d u c e d  RNA and p r o t e i n  s y n t h e s i s  i n  Rhoeo l e a v e s  ( 2 7 0 ) ,  g r e e n  pea 
s tem s e c t i o n s  ( 8 0 ) ,  bean  e n d o e n rp  ( 2 7 0 ) ,  and o a t  e o l e o p t i l e  s e c t i o n  (213)
In  a s t u d y  o f  t l ie  e f f e c t  o f  e t h y l e n e  on t h e  a u x i n  s y n t h e s i s ,  
V a l d o v in o s  e t  a l .  (323) found  t h a t  t r y p t o p h a n  c o n v e r s i o n  to  IAA in  
C o le u s  was i n h i b i t e d  by t r e a t i n g  p l a n t s  w i t h  e t h y l e n e  and c o n c lu d e d  
t h a t  e t h y l e n e  r e g u l a t e d  a u x i n  l e v e l s  by c o n t r o l l i n g  t h e  a c t i v i t y  o f  
a u x i n  b i o s y n t h e s i s .
Kang e t  a l .  (165) s t u d i e d  t h e  r e l a t i o n s h i p  be tw e en  t h e  r a t e  o f  
e t h y l e n e  p r o d u c t i o n  and t h e  i n t e r n a l  l e v e l s  o f  a u x i n  i n  a p i c a l  and 
s u b - a p i c a l  p o r t i o n s  o f  p e a  s e e d l i n g s .  They o b s e r v e d  t h a t  a r a p i d  r i s e  
i n  e t h y l e n e  p r o d u c t i o n  c a u s e d  by IAA was f o l l o w e d  by a g r a d u a l  d e c l i n e  
and r e t u r n  t o  p r c t r e a t m e n t  l e v e l s  a f t e r  24 h o u r s .  T h e s e  r e s u l t s  
s u g g e s t e d  t h a t  e t h y l e n e  p r o d u c t i o n  r e q u i r e d  c o n t i n u o u s  p r e s e n c e  o f  
a u x i n  i n  a p h y s i o l o g i c a l l y  a c t i v e  c o n c e n t r a t i o n ,  f v i d e n c e  r e v i e w e d  
by A b e lc s  (4) i n d i c a t e d  t h a t  t h e  i n c r e a s e  i n  e t h y l e n e  p r o d u c t i o n  
in d u c e d  by  a u x in  was due t o  an i n c r e a s e  in  enzymes.  T h e s e  enzymes were 
a s s o c i a t e d  w i t h  t h e  pa thway  from which  e t h y l e n e  was formed from t h e  
p r e c u r s o r , m e t h i o n i n e .
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Auxin :  R e g u l a t i o n  o f  A b s c i s s i o n
Auxin can  i n h i b i t  and p rom o te  a b s c i s s i o n  d e p e n d in g  on t h e  
c o n c e n t r a t i o n  u sed  o r  on t h e  t im e  o f  a p p l i c a t i o n .  With t h e  f a c t  t h a t  
a u x in  p r om o te d  e t h y l e n e  p r o d u c t i o n  i n  mind ,  t h e  d u a l  a c t i o n  o f  a u x i n  
c o u ld  be r e s o l v e d .  The p r o m o t i v e  e f f e c t s  o f  a u x i n  on a b s c i s s i o n  c o u ld  
be i n v a r i a b l y  e x p l a i n e d  by  t h e  p r e s e n c e  o f  i n c r e a s e d  l e v e l s  o f  e t h y l e n e  
u n d e r  c o n d i t i o n s  where  a u x i n  was u n a b l e  t o  g e t  t o  t h e  s e p a r a t i o n  l a y e r  
i n  s u f f i c i e n t  t im e  o r  c o n c e n t r a t i o n  t o  d e l a y  s e n e s c e n c e  ( 1 2 , 2 6 7 ) .
Hanson (135)  d e m o n s t r a t e d  t h a t  2 , 4 -P enhanced  r i p e n i n g  o f  p e a r s .  
LaRue ( 1 S1) and S h o j i  e t  a l .  (289) d e m o n s t r a t e d  t h e  d e l a y i n g  e f f e c t  o f  
a u x i n  on t h e  l e a f  a b s c i s s i o n .  Marth and  M i t c h e l l ' s  (211)  i n i t i a l  work 
d e m o n s t r a t e d  t h a t  2 ,4 - D  b o t h  p romoted  and i n h i b i t e d  r i p e n i n g .
Auxin and o t h e r  s i m i l a r  compounds a r e  known t o  i n h i b i t  t h e  
a b i l i t y  o f  e t h y l e n e  t o  p rom ote  d e g r e e n i n g  and a b s c i s s i o n  o f  l e a v e s  ( 4 ) .  
S i m i l a r l y ,  a u x in  lias been  shown t o  p r e v e n t  d c g r e c n i n g  and s o f t e n i n g  o f  
b a n a n a  (211 ,  328,  329,  331 ) .
V e n d r e l l  (329)  d e m o n s t r a t e d  t h a t  t h e  r i p e n i n g  o f  banana  was 
d e l a y e d  when a u x in  was i n f i l t r a t e d  i n t o  t h e  t i s s u e  b u t  n o t  when a p p l i e d  
a s  a  d i p .  lie e x p l a i n e d  t h a t  t h e  advancement  i n  r i p e n i n g  when t h e  whole 
f r u i t  was d i p p e d  was a t t r i b u t e d  t o  t h e  uneven  d i s t r i b u t i o n  o f  a u x in  
which  c a u s e d  a l o c a l i z e d  p r o d u c t i o n  o f  e t h y l e n e .  R ip e n in g  i n  t h e  p e e l  
which c o n t a i n e d  a h i g h  l e v e l  o f  a u x in  was d e l a y e d  w h i l e  e t h y l e n e  
d i f f u s i o n  from t h e s e  c e l l s  t r i g g e r e d  r i p e n i n g  in t h e  s u r r o u n d i n g  p u l p .  
R o y e r ' s  (31)  e v i d e n c e  showed t h a t  e t h y l e n e  f u n c t i o n e d  i n  a b s c i s s i o n  by 
r e d u c i n g  t h e  t r a n s p o r t  o f  a u x in  from t h e  l e a f  t o  t h e  a b s c i s s i o n  zone .
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G l b b c r e l  l i n s
Kurosawa (178)  s t u d i e d  t h e  b a k a n a c  d i s e a s e  o f  r i c e  p l a n t s  c a u s e d  
by f u n g u s  G i b b e r e l l a  f u g i k u r o i  which  c a u s e d  a c h a r a c t e r i s t i c  e x c e s s i v e  
g ro w th  i n  t h e  r i c e  p l a n t ,  lie found  t h a t  i t  was t h e  e x t r a c t  f rom t h e  
f u n g u s  c a u s i n g  t h e  s t i m u l a t i o n .  In  1935,  Yabuta  (354) c r y s t a l l i z e d  
t h e  compound and  named i t  g i b b e r e l l i n  (GA).
The a b i l i t y  o f  GA t o  s t i m u l a t e  p l a n t  g rowth  has  a t t r a c t e d  t h e  
a t t e n t i o n  o f  many p h y s i o l o g i s t s  and has  a l s o  l e d  t o  t h e  c l a s s i f i c a t i o n  
o f  t h e  m o l e c u l a r  s t r u c t u r e s  o f  s e v e r a l  g i b b o r e l l i n s  ( 7 5 ) .
P h i n n c y  and West (250)  d e f i n e d  g i b b o r e l l i n s  a s  s u b s t a n c e s  
p o s s e s s i n g  t h e  same c a r b o n  s k e l e t o n  a s  g i b b e r c l l i n - A ^  ( g i b b c r e l l i c  a c i d )  
o r  one v e r y  c l o s e l y  r e l a t e d  t o  i t  and b i o l o g i c a l l y  a c t i v e  i n  s t i m u l a t i n g  
c e l l  d i v i s i o n ,  c e l l  e l o n g a t i o n ,  o r  b o t h ,  i n  p l a n t s .
GA can be d e t e c t e d  in  many p l a n t  p a r t s  and i n  v a r i o u s  s t a g e s  o f  
g r o w t h .  W heele r  (340) r e p o r t e d  t h a t  GA m ig h t  be p r e s e n t  i n  t h e  e a r l y  
s t a g e s  o f  s e e d  g e r m i n a t i o n .  GA h a s  b e e n  r e p o r t e d  t o  a p p e a r  i n  s e v e r a l  
t y p e s  o f  f r u i t s  and i t s  c o n t e n t  c o r r e l a t e d  w i t h  g row th  r a t e s  i n  some 
i n s t a n c e s  ( 2 3 7 ) .  S u b s t a n t i a l  amounts  o f  GA m ig h t  be found  i n  r o o t s  
( 5 4 ) ,  s e e d s  d u r i n g  seed  e n l a r g e m e n t  ( 2 3 ) ,  and s e e d  m a t u r a t i o n  (23 ,  6 6 ) ,  
and l e a v e s ,  b u t  i t s  r e g u l a t o r y  r o l e  o v e r  t h e  growtli  o f  r o o t s  o r  l e a v e s  
seemed d o u b t f u l  ( 5 6 ) .  GA i s  known t o  have  g e n e r a l  o c c u r r e n c e  i n  t h e  
s tem and i t s  i m p o r t a n t  r o l e  i n  t h e  r e g u l a t i o n  o f  growtli  has  been  
r e p o r t e d  ( 8 3 ) .
The d e t a i l e d  pa th w ay  f o r  t h e  b i o s y n t h e s i s  o f  g i b b e r e l l i n  f rom 
m e v a l o n i c  a c i d  had been  d e s c r i b e d  by West and F a l l  (338 ,  3 3 9 ) .
MeComb (216)  r e p o r t e d  t h a t  GA moved i n  t h e  same p a t t e r n  as  t h e  
c a r b o h y d r a t c - t r a n s l o c a t i o n  s y s te m  and w i t h  s i m i l a r  v e l o c i t y .
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An e x p e r i m e n t  w i t h  r a d i o a c t i v e  GA by J a c o b  and Kaldcwcy (160)  
l ias p r o v i d e d  c o n v i n c i n g  e v i d e n c e  t h a t  t h e  movement o f  GA i n  t h e  p l a n t  
i s  w i t h o u t  p o l a r i t y .
Morgan and Mees (234)  found  t h a t  y i e l d s  o f  t o m a t o e s ,  p e a s ,  and 
r u n n e r  b e a n s  were  n o t  i n c r e a s e d  when p l a n t s  w ere  s p r a y e d  w i t h  GA 
d u r i n g  t h e  p e r i o d  o f  e a r l y  f r u i t  s e t ,  i n  s p i t e  o f  a marked i n c r e a s e  i n  
v e g e t a t i v e  g r o w t h .  Y i e l d s  o f  r o o t  c r o p s - - p o t a t o e s , t u r n i p s ,  and 
c a r r o t s - -  were  d e c r e a s e d .
The a p p l i c a t i o n  o f  g i b b e r e l l i n  t o  t h r e e  c u l t i v a r s  o f  s n a p b e a n s ,  
had no e f f e c t  on t o t a l  y i e l d  b u t  g i b b e r e l l i n  a p p l i e d  a t  f l o w e r i n g  
i n c r e a s e d  p a r t h e n o c a r p i c  f r u i t  s e t  ( 3 5 1 ) .
A p p l i c a t i o n  o f  10 and 50 ppm g i b b e r e l l i c  a c i d  r e s u l t e d  i n  1 .5  
t o  2 t i m e s  more f r u i t s  h a r v e s t e d  from t r e a t e d  to m a to  p l a n t s  ( 1 2 1 ) .  
C o u r t e r  and D r i n k w a t e r  (68)  r e p o r t e d  t h a t  GA r e d u c e d  t o t a l  y i e l d s  o f  
f i e l d  grown t o m a to  and  r e d u c e d  e a r l y  y i e l d s  even  t o  a g r e a t e r  e x t e n t .
G i b b e r e l l i n  a p p l i e d  a t  bloom, o r  s h o r t l y  a f t e r  bloom r e s u l t e d  i n  
i n c r e a s e d  b e r r y  s e t  o f  s e e d l e s s  g r a p e ,  V i t u s  v i n i f c r a , i n c r e a s e d  s i z e  
and l o o s e r  c l u s t e r  ( 3 3 4 ) .  Hu l l  and  Lewis  (153)  r e p o r t e d  t h a t  p o s t ­
bloom s p r a y s  o f  GA on b e a r i n g  c h e r r y  and pcacl i  t r e e s  had no e f f e c t  on 
y i e l d  i n  t h e  y e a r  s t u d i e d  o r  t h e  f o l l o w i n g  y e a r .
GA s p r a y e d  a t  r a t e s  o f  3 t o  10 ppm on l e t t u c e  p l a n t s  a t  t h e  
f o u r -  and e i g h t - l e a f  s t a g e s  o f  g rowth  s i g n i f i c a n t l y  i n c r e a s e d  s e ed  
y i e l d  ( 1 3 6 ) ,  b u t  W i t tw c r  e t  a l .  (351)  r e r o u t e d  t h a t  l e t t u c e  and c a b b ag e  
t r e a t e d  w i th  g i b b e r e l l i n  had no i n c r e a s e  i n  s e ed  y i e l d .
Sm ith (296)  r e p o r t e d  t h a t  t h r e e  autumn a p p l i c a t i o n s  w i t h  10 ppm 
GA t o  s t r a w b e r r y  p l a n t s  showed no s i g n i f i c a n t  d i f f e r e n c e  i n  y i e l d  
be tw een  t h e  G A - t r e a t c d  and t h e  c o n t r o l ,  b u t  h i g h e r  d o s a g e s  r e d u c e d
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y i e l d .  In  1961 ,  Sm ith  e t  a l . (297) c o n f i r m e d  t h a t  h i g h e r  c o n c e n t r a t i o n  
o f  GA c a u s e d  t h e  r e d u c t i o n  in y i e l d .
A p p l i c a t i o n  o f  g i b b e r e l l i n  t o  s e e d  p o t a t o e s  i n c r e a s e d  t h e  
number o f  s t e m s ,  b u t  d i d  n o t  i n c r e a s e  y i e l d  ( 2 9 4 ) .  Guzman (125)  r e p o r t e d  
t h a t  g i b b e r e l l i n  t r e a t e d  'Red L a s o d a 1 showed s i g n i f i c a n t  i n c r e a s e  bo th  
i n  s p r o u t i n g  and  in  y i e l d .  Hawthorne (159)  r e p o r t e d  t h a t  g i b b e r e l l i n  
had no e f f e c t  on t u b e r  y i e l d ,  b u t  t h e r e  was a r e d u c t i o n  i n  t u b e r  s i z e .
Pecan  s e e d s  soaked  in  5 , 0 0 0  ppm GA r e s u l t e d  i n  e a r l i e r  
g e r m i n a t i o n  (84 ,  541) and h i g h e r  g e r m i n a t i o n  p e r c e n t a g e  ( 5 4 1 ) .
Pecan f r u i t s  and f o l i a g e  were s p r a y e d  w i t h  a  200 ppm s o l u t i o n  o f  
p o t a s s i u m  g i b b c r e l l a t e  e i t h e r  e a r l y  ( June  1) o r  l a t e  (August  8 ) .  The 
s p r a y s  were a p p l i e d  one ,  two,  o r  t h r e e  t i m e s .  The l a t e  a p p l i c a t i o n  o f  
GA t o  f r u i t s  and f o l i a g e  o f  pe c an  t r e e s  l e d  t o  no i n c r e a s e  i n  t h e  
volume o f  n u t s  ( 3 0 5 ) .  Shuck w e i g h t  i n c r e a s e d  s i g n i f i c a n t l y  w i t h  
i n c r e a s i n g  p o t a s s i u m  g i b b c r e l l a t e  c o n c e n t r a t i o n  to  400 ppm. M a t u r i t y  
was d e l a y e d  and t h e  s h e l l  w e i g h t  and k e r n e l  w e i g h t  were  i n c r e a s e d .  
However ,  n e i t h e r  t h e  a p p e a r a n c e  n o r  t h e  f l a v o r  o f  t h e  k e r n e l  a p p e a r e d  
t o  be a f f e c t e d  by  p o t a s s i u m  g i b b c r e l l a t e  a p p l i c a t i o n .
T a y l o r  (312)  and Dhem (84) showed t h a t  a p p l i c a t i o n  o f  GA^- 
l a n o l i n  m i x t u r e  t o  t h e  b a s e  o f  pe c a n  s e e d l i n g  t r u n k s  s t i m u l a t e d  
cambium g rowth  and  p r o d u c e d  s i g n i f i c a n t  i n c r e a s e  i n  t r u n k  d i a m e t e r .
Such i n c r e a s e d  t r u n k  d i a m e t e r  a l l o w e d  e a r l y  g r a f t i n g  o f  t h e  s e e d l i n g s .  
Dhem (84) a l s o  r e p o r t e d  t h a t  f o l i a r  s p r a y  o f  GA up t o  500 ppm i n c r e a s e d  
g row th  o f  pe c a n  s e e d l i n g s ,  b u t  d i d  n o t  i n c r e a s e  t r u n k  d i a m e t e r  s i g n i f i ­
c a n t l y  a s  t o  a l l o w  e a r l y  g r a f t i n g .
Bora  and Selman (36) r e p o r t e d  t h a t  f o l i a r  a p p l i c a t i o n  o f  GA 
r e s u l t e d  i n  t h e  b e s t  p l a n t  g rowth  on t o m a to .  They i n d i c a t e d  t h a t  GA
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m igh t  have  t h e  c a p a c i t y  t o  i n c r e a s e  t h e  t r a n s l o c a t i o n  o f  c a r b o h y d r a t e  
f rom l e a f  t o  s tem .  They a l s o  s u g g e s t e d  t h a t  t h e  e f f e c t  o f  GA t o  
s t i m u l a t e  n u t r i e n t  u p t a k e  and a c c u m u l a t i o n  m ig h t  be  a c h i e v e d  i n  p a r t  
t h r o u g h  a s t i m u l a t i o n  o f  RNA and p r o t e i n  s y n t h e s i s  w h ich  was b e l i e v e d  
t o  be d i r e c t l y  c o n c e r n e d  w i t h  i o n  a c c u m u l a t i o n  by r o o t s ,  and i n  p a r t ,  
by i n c r e a s i n g  t h e  r a t e  o f  t r a n s p o r t  o f  i o n s .
Hubbe 11 [152)  r e p o r t e d  t h a t  GA s i g n i f i c a n t l y  r e d u c e d  t h e  w e i g h t  
o f  i n d i v i d u a l  ' P e l i c a n '  to m a to  f r u i t .  T h i s  r e d u c t i o n  i n  w e i g h t  c a u se d  
by GA was i n  o p p o s i t i o n  t o  i n c r e a s e  i n  w e i g h t  r e p o r t e d  by C o u r t c r  and 
D r i n k w a t e r  ( 6 8 ) .  lie a l s o  r e p o r t e d  t h a t  GA d e l a y e d  h a r v e s t i n g  o f  t om a to  
f r u i t s  s i g n i f i c a n t l y ,  r e d u c e d  t h e  number o f  t o m a t o ,  egg p l a n t ,  and b e l l  
p e p p e r  f r u i t s ,  b u t  i n c r e a s e d  t h e  h e i g h t  o f  b e l l  p e p p e r  and t o m a t o ,
GA s p r a y s  i n c r e a s e d  g r e e n  c o l o r  on t h e  f r u i t  o f  ' V a l e n c i a '  
o r a n g e  and r e d u c e d  c r e a s i n g  ( 1 0 0 ) .  GA i n c r e a s e d  t h e  number o f  s p r o u t s  
p e r  r o o t  p i e c e ,  p romoted  t h e  growtli  o f  e n l a r g e d  r o o t  p i e c e s  w i t h  few 
s t o r a g e  r o o t s ,  b u t  d i d  n o t  i n f l u e n c e  t h e  p e r c e n t a g e  o f  s p r o u t  r o o t  
p i e c e s  o f  sw ee t  p o t a t o  ( 5 1 8 ) .
W i l l s  (350)  r e p o r t e d  t h a t  p r e h a r v e s t  a p p l i c a t i o n  o f  GA a s  s p r a y  
r e d u c e d  t h e  i n c i d e n c e  o f  s t o r a g e  breakdown o f  a p p l e .
A p p l i e d  GA s t i m u l a t e d  c e l l  d i v i s i o n  i n  t h e  cambium o f  woody 
s h o o t s ,  b u t  t h e r e  was l i t t l e  c e l l  e x p a n s i o n ,  a l t h o u g h  GA i n c r e a s e d  c e l l  
e x p a n s i o n  i n  xylem f i b e r s  i n  t h e  p r e s e n c e  o f  IAA ( 8 5 ) .
Badr  e t  a l .  (21)  r e p o r t e d  t h a t  endogenous  g i b b c r e l l i c  a c i d  
l e v e l  was t h e  l i m i t i n g  f a c t o r  f o r  xylem de ve lopm en t  and t h e y  s u g g e s t e d  
t h a t  a c e r t a i n  b a l a n c e  be tw een  a u x in  and g i b b e r e l l i n  was r e q u i r e d  t o  
s t i m u l a t e  c a m b ia l  a c t i v i t y  w i t h  s u b s e q u e n t  xylem d e v e lo p m e n t .  I n  
a d d i t i o n  t o  s t i m u l a t i o n  o f  xylem de ve lopm en t  i n  o l i v e  s h o o t s ,  t h e y  a l s o
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d e m o n s t r a t e d  t h a t  GA s t i m u l a t e d  c e l l  d i v i s i o n  and e n l a r g e m e n t  i n  t h e  
hypodermal  c e l l  l a y e r s .
McCune and G a l s t o n  (217)  r e p o r t e d  t h a t  normal  and d w a r f  t y p e s  o f  
p e a  and c o rn  t r e a t e d  w i t h  g i b b e r e l l i c  a c i d  showed t h e  r e v e r s a l  o f  t h e  
d w a r f  g rowth  and  h i g h  p e r o x i d a s e  enzyme a c t i v i t y .  They s u g g e s t e d  t h a t  
GA, f o l l o w i n g  i t s  a p p l i c a t i o n ,  m ig h t  i n  some w ays ,  r e d u c e  t h e  f o r m a t i o n  
o f  e x c e s s  p e r o x i d a s e  by n a n a  t y p e s ,  t h u s  s p a r i n g  IAA f o r  normal  g r o w t h .
Zwar and J a c o b s e n  (359) r e p o r t e d  t h a t  GA s t i m u l a t e d  t h e  i n c o r p ­
o r a t i o n  o f  l a b e l e d  u r i d i n e  and a d e n o s i n e  i n t o  a l l  s p e c i e s  o f  RNA in  
b o t h  i s o l a t e d  a l e u r o n c  l a y e r s  and  l a y e r s  a t t a c h e d  t o  t h e  e ndosperm .
They s u g g e s t e d  t h a t  GA s t i m u l a t e d  RNA s y n t h e s i s .
E v id e n c e  p r e s e n t e d  by Leopold  and Kriedertmn (185)  i n d i c a t e d  t h a t  
GA a p p e a r e d  t o  i n v o l v e  an a l t e r a t i o n  o f  n u c l e i c  a c i d - d i r e c t e d  p r o t e i n  
s y n t h e s i s  i n  some l o n g e r - t e r m  r e g u l a t o r y  a c t i o n s ,  b u t  a l s o  t o  i n v o l v e  
some o t h e r  t y p e s  o f  a c t i v a t i o n  phenomenon i n  s h o r t - t e r m  r e g u l a t o r y  
a c t i o n s .
GA r e t a r d e d  m a t u r i t y  o f  c i t r u s ,  d e f e r r e d  s e n e s c e n c e  i n  l e a v e s ,  
c a u s e d  a r e v e r s a l  o f  a d u l t  t y p e  s h o o t  growtli  t o  t h o r n y  j u v e n i l e  t y p e  
g row th  (65 ,  106 ,  284 ) .
Kahn c t  a l .  (164)  r e p o r t e d  t h a t  l i g h t  r e q u i r e m e n t  f o r  
g e r m i n a t i o n  o f  l e t t u c e  s e e d s  c o u ld  be s u b s t i t u t e d  by GA.
F r u i t  r i p e n i n g  c o u ld  be a l t e r e d  by GA a p p l i c a t i o n  ( 6 3 ) .
J a c k s o n  and Coombc (150) found  t h a t  t h e  r a t e  o f  f r u i t  growtl i  i n  some 
i n s t a n c e s  was u n d e r  t h e  c o n t r o l  o f  endogenous  GA l e v e l s .
In  t h e  s t u d y  o f  g row th  r e s p o n s e s  o f  whea t  c o l e o p t i l c s  t o  added  
GA, a u x i n ,  and c y t o k i n i n ,  W righ t  (352)  d e f i n e d  d i s t i n c t i v e  t i m e  o f  
r e s p o n s i v e n e s s  t o  t h e  t h r e e  ho rm ones .  GA r e s p o n s i v e n e s s  a p p e a r e d
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f i r s t ,  i n  t h e  o n t o g e n y  o f  t h e  c o l e o p t i l e ,  f o l l o w e d  by c y t o k i n i n  r e s p o n ­
s i v e n e s s ,  and t h e n ,  d u r i n g  t h e  p e r i o d  o f  maximal  c e l l  e n l a r g e m e n t ,  
a u x i n  r e s p o n s i v e n e s s ,  lie s u g g e s t e d  t h a t  t h e s e  hormones r e g u l a t e d  
s e p a r a t e  a s p e c t s  o f  growtl i  and t h a t  t h e y  were n o t  l i m i t i n g  a t  t h e  same 
t im e  d u r i n g  t h e  g rowth  o f  c o l e o p t i l e s .
The i n h i b i t o r y  i n f l u e n c e  o f  g row th  r e t a r d a n t s  such Phosphon  D 
on s tem e l o n g a t i o n  i n  bean  c o u l d  b e  e n t i r e l y  c o u n t e r a c t e d  by  GA., ( 1 9 7 ) .  
Growth r e t a r d a n t s  r e t a r d e d  p l a n t  g rowth by i n h i b i t i n g  t h e  b i o s y n t h e s i s  
o f  GA ( 1 8 0 ) .
G i b b e r e l l i n :  E t h y l e n e
A r e l a t i v e l y  s m a l l  b u t  p r o m o t iv e  e f f e c t  on e t h y l e n e  p r o d u c t i o n  
by g i b b e r e l l i n  was o b s e r v e d  i n  b e a n ,  and bean s e e d l i n g s  ( 1 2 ) ,  c i t r u s  
e x p l a n t  ( 1 8 9 ) ,  o r a n g e  f r u i t s  and  l e a v e s  ( 6 5 ) ,  and p e a n u t  s e e d s  ( 1 7 2 ) .
GA d e l a y e d  t h e  r i p e n i n g  o f  t o m a to  and b a n a n a  by a n t a g o n i z i n g  t h e  e f f e c t  
o f  e t h y l e n e  ( 8 9 ,  3 2 9 ) .  Fuchs  and Licberman (110) showed t h a t  t h e  
a c t i o n  o f  GA was s e v e r e l y  i n t e r f e r e d  by e t h y l e n e ,  b u t  was no t  
c o m p l e t e l y  s u p p r e s s e d  i n  t h e  bean  s e e d l i n g s .
GA had  no e f f e c t  on e t h y l e n e  p r o d u c t i o n  by  pea s e e d l i n g s  ( 1 1 0 ) ,  
and r a p e  s e e d s  ( 3 1 1 ) .
Cooper  e t  a l .  (65) r e p o r t e d  t h a t  c i t r u s  t r e e s  t r e a t e d  w i t h  GA 
e v o l v e d  a d e q u a t e  amounts  o f  e t h y l e n e  to  i n d u c e  t h e  a b s c i s s i o n  o f  o l d  
l e a v e s  b u t  n o t  t h e  f r u i t s .  In  c o n t r a s t ,  t h e  f r u i t s  on GA t r e a t e d  
t r e e s  d e v e l o p e d  a g r e e n  c o l o r  and showed l e s s  f r u i t  d rop  th a n  t h e  
c o n t r o l  t r e e s .
GA had  a l s o  been  found  t o  c a u s e  a 50"o r e d u c t i o n  o f  e t h y l e n e  
p r o d u c t i o n  induce d  by 2 ,4 -D  in  soybean  s e e d l i n g s  ( 1 4 9 ) ,  and c i t r u s
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fruits (189).
S c o t t  and Leopold (284)  r e p o r t e d  t h a t  e t h y l e n e  c o u l d  i n t e r f e r e  
w i t h  t h e  g i b b e r e l l i n  s t i m u l a t i o n  o f  g r o w t h ,  d e l a y  o f  s e n e s c e n c e ,  and a 
p a r t  o f  t h e  s t i m u l a t i o n  o f  <X-amylase p r o d u c t i o n  i n  b a r l e y .  However,  GA 
and e t h y l e n e  were  a l s o  r e p o r t e d  t o  have r o u g h l y  s i m i l a r  r a t h e r  t h a n  
a n t a g o n i s t i c  a c t i o n  in  b r e a k i n g  l e t t u c e  s e ed  dormancy  (40)  and 
s t i m u l a t i n g  r i c e  s e e d l i n g  g rowth  (309 ) .
The a b i l i t y  o f  GA t o  overcome d w a r f i n g  o f  some p l a n t  s p e c i e s ,  
t o  e nha nce  s tem e l o n g a t i o n  by  c e l l  d i v i s i o n ,  o r  by c e l l  e n l a r g e m e n t ,  o r  
by b o t h ,  t o  overcome t h e  dormancy o f  some s e e d s ,  t o  i n d u c e  f l o w e r i n g  
o f  some p h o t o p e r i o d - s e n s i t i v e  and c o l d  r e q u i r i n g  s p e c i e s ,  t o  r e g u l a t e  
t h e  s e x  o f  f l o w e r s ,  and t o  d e l a y  l e a f  s e n e s c e n c e  o r  e n h a n ce  t h e  
d e v e lo p m en t  o f  l e a f  s e n e s c e n c e  lias been r e v i e w e d  by Leopo ld  and 
Kricdemann (185 ) .
C y t o k i n i n s
In t h e  s e a r c h  f o r  compounds t h a t  would i n d u c e  c e l l s  t o  m u l t i p l y ,  
M i l l e r  e t  a l .  (223)  i s o l a t e d  a  compound from y e a s t  DNA i n  1955. T h i s  
compound was k i n e t i n  ( 6 - f u r f u r y l a m i n o - p u r i n e ) . In  1965,  Skoog e t  a l . 
(292)  d e s i g n a t e d  a l l  compounds w i t h  b i o l o g i c a l  a c t i v i t y  s i m i l a r  t o  t h a t  
o f  k i n e t i n  i n  e n h a n c in g  c e l l  d i v i s i o n  a s  c y t o k i n i n s .
In t h e  s t u d y  o f  t h e  c h e m i s t r y  and p h y s i o l o g y  o f  k i n e t i n - l i k c  
compound, Let.ham (186)  r e p o r t e d  t h a t  s u b s t a n c e s  h a v in g  c y t o k i n i n  
a c t i v i t y  had been  e x t r a c t e d  from numerous s p e c i e s  o f  h i g h e r  p l a n t s  and 
i n  mos t  c a s e s ,  t h e  a c t i v e l y  d i v i d i n g  t i s s u e s  o f  t h e  p l a n t  had p r o v e n  
t o  be t h e  b e s t  s o u r c e s .
A c t u a l l y ,  k i n e t i n  i s  fo rmed from d c o x y a d o n o s i n c , a d e g r a d a t i o n
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p r o d u c t  o f  DNA and c a n n o t  be c o n s i d e r e d  a s  a n a t u r a l  p r o d u c t  o f  p l a n t  
b i o s y n t h e s i s  ( 1 3 0 ) .  The n a t u r a l l y  o c c u r r i n g  c y t o k i n i n  i s  z e a t i n  
i s o l a t e d  from im m ature  m aize  s e e d s  ( 1 8 6 ) .
The r o o t s  may be a m a jo r  s o u r c e  o f  c y t o k i n i n s  s i n c e  c y t o k i n i n  
ha s  been  d e t e c t e d  i n  t h e  xylem s a p  o f  a  number o f  p l a i t s  (51 ,  163,  348) .  
A p i c a l  p o r t i o n s  o f  young s u n f l o w e r  ( 3 3 6 ) ,  and p e a  (290) r o o t s  c o n t a i n e d  
c o n s i d e r a b l y  h i g h e r  c y t o k i n i n  a c t i v i t y  t h a n  d i d  p r o x im a l  p o r t i o n s .
These  o b s e r v a t i o n s  s u p p o r t e d  t h e  h y p o t h e s i s  (51 ,  163,  348) t h a t  r o o t s  
a r c  t h e  m a j o r  s o u r c e  o f  c y t o k i n i n .
A l though  no t  as  e x t e n s i v e l y  s t u d i e d  as i n  r o o t s ,  c y t o k i n i n  
a c t i v i t y  has  b e e n  found  i n  l e a v e s ,  b u d s ,  and s h o o t  a p i c e s  o f  t r e e  
s p e c i e s  (101 ,  109 ) .  S te w a rd  and S h a n t z  (307) showed t h a t  embryo and 
young f r u i t s  ha d  b e e n  commonest s o u r c e s  o f  c y t o k i n i n s  i n  p l a n t  
e x t r a c t .  C y t o k i n i n s  a r e  w i d e s p r e a d  i n  p l a n t s  a s  components  o f  tllNA as  
w e l l  a s  f r e e  hormonal  s u b s t a n c e s  ( 1 8 5 ) .
Some d a t a  f rom M i l l e r  (222)  i n d i c a t e d  t h a t  c y t o k i n i n  l e v e l s  
r o s e  d u r i n g  t h e  e a r l y  deve lopm en t  o f  c o rn  k e r n e l  and t h e n  d ropped  
a g a i n  as  t h e  f r u i t  m a t u r e d .
With t h e  d i s c o v e r y  o f  t h e  a c t i o n  o f  c y t o k i n i n s  on t h e  d e l a y  o f  
Xanthium l e a f  s e n e s c e n c e  by Richmond and Lang ( 2 6 2 ) ,  M othe rs  (236)  
found  t h a t  l o c a l i z e d  a p p l i c a t i o n s  o f  c y t o k i n i n s  t o  l e a v e s  c o u l d  l e a d  
t o  t h e  m o b i l i z a t i o n  o f  v a r i o u s  n u t r i e n t s .  T h i s  m o b i l i z a t i o n  e f f e c t  o f  
c y t o k i n i n s  was p r o b a b l y  t h e  m a jo r  f u n c t i o n  i n  l e a f  s e n e s c e n c e ,  bud 
g rowth  ( 3 1 6 ) ,  a p i c a l  dom inance ,  and growtli  o f  f r u i t s  ( 3 3 5 ) .
C y t o k i n i n  was a b l e  t o  s t i m u l a t e  c o t y l e d o n  e n l a r g e m e n t  o f  l e t t u c e  
s e ed  ( 1 5 4 ) ,  e n l a r g e m e n t  o f  r a d i s h  c o t y l e d o n s  (187)  and Xanthium 
c o t y l e d o n s  ( 1 0 2 ) .  The a b i l i t y  o f  c y t o k i n i n  t o  s t i m u l a t e  t h e s e  t i s s u e
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e n l a r g e m e n t  i s  c h a r a c t e r i s t i c  f o r  t h e  b i o a s s a y  o f  c y t o k i n i n  a c t i v i t y .  
Using s e n c s c i n g  t i s s u e  o f  Xanthium f o r  t h e  b i o a s s a y  o f  k i n e t i n  and 
k i n i n s ,  Osborne  and McCall  a (243 J o b s e r v e d  t h a t  k i n e t i n  i n c r e a s e d  
c h l o r o p h y l l  c o n t e n t .  T h i s  i n c r e a s e  i n  c h l o r o p h y l l  c o n t e n t  by k i n e t i n  
was s u p p o r t e d  by S t e t l e r  and L a e t s c h  (306)  i n  t h e i r  s t u d y  on c u l t u r e s  
o f  t o b a c c o  t i s s u e .  They found  t h a t  c u l t u r e s  o f  t o b a c c o  c a l l u s  became 
g r e e n  i n  t h e  l i g h t  i f  c y t o k i n i n  was s u p p l i e d .  They a l s o  found  t h a t  t h e  
c o n v e r s i o n  o f  p r o t o p l a s t i d s  i n t o  c h l o r o p l a s t s  w i t h  g r a n a  was s p e c i f ­
i c a l l y  s t i m u l a t e d  by c y t o k i n i n .
C y t o k i n i n  c o u ld  s t i m u l a t e  t h e  growtli  o f  a p p l e  a x i l l a r y  buds  
when a p p l i e d  a  month o r  so b e f o r e  s p r i n g  growtli  was i n i t i a t e d  and would 
overcome a p i c a l  dominance  i n  a c t i v e l y  g ro w in g  a p p l e  s h o o t  (348)  and i n  
o t h e r  s p e c i e s  (27,  251 ,  2 7 3 ) .
T o r r e y  (320)  r e p o r t e d  t h a t  c y t o k i n i n  c o u l d  s t i m u l a t e  n u c l e a r  
DNA d o u b l i n g  and m i t o s i s ,  a p r o p e r t y  i t  s h a r e d  w i t h  a u x i n  and 
g i b b e r e l l i n .  He i n d i c a t e d  t h a t  i t s  a b i l i t y  t o  s t i m u l a t e  c y t o k i n e s i s  
was t h o u g h t  t o  be e x c l u s i v e  w i t h  c y t o k i n i n s .  F i t t l e r  and H a l l  (105)  
showed t h a t  t h e  p r e s e n c e  o f  t h e  c y t o k i n i n  a d j a c e n t  t o  t h e  a n t i c o d o n  
was e s s e n t i a l  f o r  tRNA f u n c t i o n i n g  i n  p r o t e i n  s y n t h e s i s ,  b u t  t h e y  
d o u b t e d  i t s  r e g u l a t o r y  a c t i o n  in  t h i s  m anner .
Some w o r k e r s  (108 ,  293) r e p o r t e d  t h a t  t h e  t e n d e n c y  f o r  a u x i n  
t o  i n h i b i t  c y t o k i n i n  a c t i o n  on bud i n i t i a t i o n  o r d i n a r i l y  imposed a 
r e q u i r e m e n t  f o r  a b a l a n c e  be tw een  t h e  a u x in  and c y t o k i n i n  l e v e l s  t o  
a c h i e v e  t h e  d i f f e r e n t i a t i o n  o f  b u d s .  C y t o k i n i n  r e g u l a t e d  bud g rowth  
by  s u p p r e s s i n g  a p i c a l  dominance i n d u c e d  by IAA ( 3 1 6 ) .  M i l l e r  (221) 
a l s o  r e p o r t e d  t h a t  buds  c o u ld  be i n d u c e d  by c y t o k i n i n  i n  c a l l u s  t i s s u e ,  
r o o t s ,  c o t y l e d o n s  o r  s tem p i e c e s  o f  t o b a c c o .
In  c o n t r a s t  t o  t h e  p r o m o t i o n s  o f  s tem g rowth  by a u x i n s  and  GAs, 
c y t o k i n i n s  o r d i n a r i l y  i n h i b i t e d  e l o n g a t i o n  o f  s tem s e c t i o n s  ( 1 0 8 ) ,  
s t i m u l a t e d  l e a f  e n l a r g e m e n t  ( 2 2 0 ) ,  and g r o w th  o f  r a d i s h  r o o t  by 
s w e l l i n g  (199 ) .
Letham (186) r e p o r t e d  t h a t  c y t o k i n i n s  r e v e r s e d  t h e  d o n n a n c y -  
. i nducing e f f e c t s  o f  a u x i n s  and  n a t u r a l l y  o c c u r i n g  g row th  i n h i b i t o r s  
s uc h  as  a b s c i s i c  a c i d .  W i l l i a m  and B i l l i n g s l e y  (347)  r e p o r t e d  t h a t  
c y t o k i n i n  and g i b b e r e l l i n  a p p l i e d  t o  do rm an t  buds on young a p p l e  t r e e s  
s i g n i f i c a n t l y  i n c r e a s e d  t h e  number o f  g ro w in g  buds and t h e  a n g l e  
b e tw e e n  t h e  main t r u n k  and t h e  new s h o o t .  C y t o k i n i n - s t i m u l a t e d  c e l l  
d i v i s i o n  was p r o b a b l y  r e s p o n s i b l e  f o r  t h e  wide  c r o t c h  a n g l e  o b s e r v e d .  
They a l s o  r e p o r t e d  t h a t  g row th  on c y t o k i n i n  p l u s  GA t r e a t e d  t r e e s  was 
a lm o s t  d o u b l e  t h a t  o f  t h e  c o n t r o l .
C y t o k i n i n s  were v e r y  e f f e c t i v e  i n  d e f e r r i n g  s e n e s c e n c e  (244 ,  262) 
a s  w e l l  a s  a b s c i s s i o n  ( 2 4 4 ) .  S i t t o n  e t  a l  (291)  found t h a t  no rmal  
d e v e lo p m e n t  o f  s e n e s c e n c e  m ig h t  be e x p e c t e d  t o  be c o r r e l a t e d  w i t h  a 
d e p r e s s i o n  o f  c y t o k i n i n  s u p p l i e d  by t h e  r o o t s  o f  s u n f l o w e r  p l a n t s  and 
t h e y  a l s o  found  t h a t  c y t o k i n i n  p r o d u c e d  in  t h e  f r u i t  d i d  n o t  have  such  
s t r o n g  s y s t e m i c  e f f e c t  i n  t h e  p l a n t  a s  t h a t  s u p p l i e d  by t h e  r o o t .
C y t o k i n i n :  E t h y l e n e
I n c r e a s e d  e t h y l e n e  p r o d u c t i o n  i n d u c e d  by t r e a t m e n t  w i t h  
c y t o k i n i n s  has  been  o b s e r v e d  in  many e x p e r i m e n t s  on p l a n t s .  P l a n t s  
i n c l u d i n g  b e a n  ( 7 ) ,  b l u e b e r r y  ( 1 0 7 ) ,  r a d i s h  ( 2 5 5 ) ,  sorghum ( 2 4 6 ) ,  
b anana  ( 3 3 1 ) ,  and p e a  (110)  showed a p o s i t i v e  r e s p o n s e  o f  e t h y l e n e  
p r o d u c t i o n  t o  c y t o k i n i n s .
In  i n v e s t i g a t i o n s  o f  t h e  e f f e c t  o f  c y t o k i n i n - i n d u c e d  e t h y l e n e
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p r o d u c t i o n ,  s e v e r a l  w o r k e r s  (48 ,  110) found  t h a t  c y t o k i n i n s  enhanced  
t h e  a b i l i t y  o f  a u x in  t o  i n c r e a s e  e t h y l e n e  p r o d u c t i o n ,  and c aused  t h e  
a u x i n  e f f e c t  t o  p e r s i s t  f o r  a l o n g e r  p e r i o d  o f  t i m e .  Burg and  Burg 
(48)  r e p o r t e d  t h a t  t h e  e f f e c t  o f  c y t o k i n i n s  on a u x i n - i n d u c e d  e t h y l e n e  
p r o d u c t i o n  was s y n e r g i s t i c  s i n c e  t h e  amount  o f  e t h y l e n e  p r o d u c e d  was 
g r e a t e r  t h a n  t h e  q u a n t i t i e s  p r o d u c e d  by e a ch  t r e a t m e n t  s i n g l y .
Da ta  f rom s e v e r a l  w o r k e r s  (48,  110)  s u g g e s t e d  t h a t  c y t o k i n i n  
m ig h t  i n t e r f e r e  w i t h  a u x in  d e g r a d a t i o n  mechan ism.  However ,  l i t t l e  o r  
no i n t e r a c t i o n  was o b s e r v e d  when g i b b e r e l l i n  and c y t o k i n i n  were  added 
t o g e t h e r  ( 4 8 ) .
Burg and  Burg (48) a l s o  r e p o r t e d  t h a t  k i n e t i n  c o u l d  p romote  
bud  g rowth  i n  t h e  p r e s e n c e  o f  e t h y l e n e  by r e v e r s i n g  t h e  i n h i b i t i n g  
a c t i o n  o f  e t h y l e n e  on t h e  g rowth  o f  pea b u d s .
Fuchs and Lieberman (110) i n  1968 r e p o r t e d  t h a t  t h e  a b i l i t y  o f  
e t h y l e n e  p r o d u c t i o n  t o  r e s p o n d  t o  c y t o k i n i n  i n  p e a  p l a n t  v a r i e d  from 
one p a r t  o f  t h e  s e e d l i n g  t o  a n o t h e r .  K i n e t i n  c a u s e d  a f o u r - f o l d  
i n c r e a s e  i n  e t h y l e n e  p r o d u c t i o n  from p e a  p l u m u l e s ,  b u t  o n l y  a t w o ­
f o l d  i n c r e a s e  from r a d i c l e s .  However ,  t h i s  i n c r e a s e  i n  e t h y l e n e  
p r o d u c t i o n  c a u s e d  by c y t o k i n i n  c o u ld  b e  b l o c k e d  by an i n h i b i t o r  o f  
p r o t e i n  s y n t h e s i s ,  c y c l o h e x i m i d e .  They a l s o  p r o v i d e d  e v i d e n c e  t h a t  
k i n e t i n - i n d u e e d  e t h y l e n e  p r o d u c t i o n  o c c u r r e d  by t h e  same pa thway  used  
n o r m a l l y  u n d e r  c o n d i t i o n s  o f  a u x i n  i n d u c t i o n  which came from o b s e r v a ­
t i o n s  t h a t  m e t h i o n i n e  e nha nce d  t h e  a c t i v i t y  o f  c y t o k i n i n  and m e t h i o n i n e  
i t s e l f  had no d i r e c t  e f f e c t .
K i n e t i n  was a b l e  t o  b l o c k  e t h y l e n e  i n d u c t i o n  o f  B -1 , 3 - g l u c a n a s e
(8).
F o l i a r  s p r a y s  c o n t a i n i n g  200 t o  500 ppm s y n t h e t i c  c y t o k i n i n ,
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ACCEL ( A d e n i n e , N - b e n z y l - 9 - ( t e t r a h y d r o - 2 I I - p y r a n - 2 - y I - )  e f f e c t i v e l y  
s t i m u l a t e d  t h e  p r o d u c t i o n  o f  new l a t e r a l  s h o o t s  on b o t h  i n t a c t  and 
p i n c h e d  c a r n a t i o n s  from which h i g h  q u a l i t y  c u t t i n g s  and f l o w e r s  r e s u l t e d  
( 1 5 7 ) .
The e f f e c t s  o f  c y t o k i n i n  on c e l l  d i v i s i o n ,  c e l l  e n l a r g e m e n t ,  r o o t  
i n i t i a t i o n  and g r o w t h ,  s h o o t  i n i t i a t i o n  and g r o w t h ,  and b r e a k i n g  o f  
dormancy have  a l s o  been  r e v i e w e d  by D e v l i n  ( 8 3 ) .
A b s c i s i c  A c id
B c n n e t - C l a r k  and K e f f o r d  (28) i n  a  c h r o m a t o g r a p h i c  s t u d y  o f  
g ro w th  s u b s t a n c e s  i n  p l a n t  e x t r a c t s  fo u n d  a  | 5 - i n h i b i t o r  on p a p e r  
c h rom a tog ra m s  d e v e l o p e d  w i t h  a m i x t u r e  o f  i s o p r o p a n o l : a m m o n i a : w a t e r .
I t s  s t r u c t u r e  was l a t e r  d e t e r m i n e d  and c h a r a c t e r i z e d  by Ohkuma e t  a l .
(242)  i n  1965. T h i s  compound was named a b s c i s i n  I I .
A b s c i s i c  'acid (ABA) was i s o l a t e d  from young c o t t o n  f r u i t  
(Gossypium h i r s u t u m )  by A d d c o t t  e t  a l .  ( 1 6 ) .
A b s c i s i c  a c i d  i s  an  i s o p r e n o i d  compound which  s e r v e s  as  a
s u p p r e s s o r  o f  g ro w th  and s h a r e s  t h e  m e v a l o n i c  a c i d - s y n t h e s i s  pa th w ay  
w i t h  g i b b e r e l l i n s  and  c y t o k i n i n s  ( 1 8 5 ) .  The s y n t h e s i s  o f  ABA t a k e s  
p l a c e  i n  t h e  m a t u r e  l e a f  and from t h e r e  t h i s  hormone i s  r e a d i l y  
t r a n s p o r t e d  t o  t h e  s h o o t  apex t h r o u g h  p e t i o l e s  and s tem t i s s u e  (24 9 ) .
ABA was a l s o  found  i n  s e e d  c o a t s  ( 1 7 6 ) .
Some E f f e c t s  o f  A b s c i s i c  Ac id
S i n c e  t h e  i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  a b s c i s i c  a c i d  by 
Ohkuma e t  a l . ( 2 4 2 ) ,  a  b r o a d  s p e c t r u m  o f  b i o l o g i c a l  a c t i v i t y  o f  t h i s  
compound h a s  b e e n  fo u n d .  A b s c i s i c  a c i d  i n h i b i t e d  f l o w e r  i n d u c t i o n  in  
t h e  long  day  p l a n t  ( Lol ium l o m u l c n t u m ) ( 1 0 3 ) ,  l e t t u c e  s e ed  g e r m i n a t i o n
iI
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(275)  and t h e  g ro w th  o f  Avena c o l c o p t i l e  segm en ts  i n d u c e d  by IAA ( 2 5 8 ) .  
Thomas e t  a l .  (317)  found  t h a t  ABA d e p r e s s e d  GA s t i m u l a t i o n  o f  growth  
o f  d w a r f  c o rn  and d w a r f  p e a s .  Reyno lds  and Thompson (259)  r e p o r t e d  
t h a t  i n h i b i t i o n  o f  l e t t u c e  s e ed  g e r m i n a t i o n  by  ABA c o u l d  be  r e l i e v e d  
by k i n e t i n .
ABA c o u n t e r a c t e d  g i b b e r c l l i n - i n d u c e d  Q l -am ylase  s y n t h e s i s  i n  
i s o l a t e d  a l e u r o n e  l a y e r s  o f  b a r l e y  (62 ,  1 6 1 ) .  Wareing and P h i l l i p s  
(332)  r e p o r t e d  t h a t  t h e  a p p l i c a t i o n  o f  ABA lo w e re d  t h e  endogenous  
g i b b e r e l l i n  l e v e l  i n  m aize  s e e d l i n g s ,  a c o n d i t i o n  which c o u ld  be 
a t t r i b u t e d  t o  an i n h i b i t i o n  by ABA o f  g i b b e r e l l i n  s y n t h e s i s .
ABA p rom oted  p e t i o l e  a b s c i s s i o n  i n  e x p l a n t s  o f  c o t t o n  s e e d l i n g s ,  
b u t  i t s  p r o m o t io n  o f  a b s c i s s i o n  c o u l d  bo a n t a g o n i z e d  by IAA ( 3 3 2 ) .  
Krogman (176)  r e p o r t e d  t h a t  ABA i n h i b i t e d  DNA and RNA s y n t h e s i s  i n  
duckweed and b l o c k e d  t h e  s y n t h e s i s  o f  a l l  c l a s s e s  o f  RNA i n  r a d i s h  
l e a f  d i s c s .  He s u g g e s t e d  t h a t  ABA m ig h t  a c t  a s  a g e n e r a l  gene  
r e p r e s s o r  o r  m ig h t  b l o c k  t h e  a c t i v i t y  o f  RNA p o l y m e r a s e  i n  c h r o m a t i n .
G a l s t o n  and D a v ie s  (111)  r e p o r t e d  t h a t  GA c o u l d  overcome t h e  
i n h i b i t o r y  e f f e c t  o f  ABA on t h e  s p r o u t i n g  o f  p o t a t o  b u d s ,  and on t h e  
e l o n g a t i o n  o f  g e n e t i c a l l y  t a l l  c o rn  l e a f  s e c t i o n s .  GA c o u l d  a l s o  
overcome t h e  i n h i b i t o r y  e f f e c t  o f  ABA on t h e  g e r m i n a t i o n  o f  a sh  s e e d s  
(301 ) .
A b s c i s i c  Ac id :  E t h y l e n e
The a d v e n t  o f  a b s c i s s i o n  was a s s o c i a t e d  w i t h  a d r o p  i n  a u x in  
c o n t e n t  no t  o n l y  i n  l e a v e s ,  b u t  a l s o  i n  f r u i t s  (207)  and s tem ( 1 1 4 ) .
The phenomenon o f  a b s c i s s i o n  i n  p l a n t s  was i n f l u e n c e d  by s e v e r a l  
e n v i r o n m e n t a l  f a c t o r s ,  f o r  e xa m p le ,  t e m p e r a t u r e ,  m o i s t u r e ,  m i n e r a l  
s u p p l y  and p o s s i b l y  o t h e r s .  These  e n v i r o n m e n t a l  f a c t o r s  a p p e a r e d  t o
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a c t  t h r o u g h  t h e i r  e f f e c t  on t h e  s y n t h e s i s ,  u t i l i z a t i o n  a n d / o r  d e p i c t i o n  
o f  n u t r i e n t  s u b s t r a t e s  and hormones w i t h i n  t h e  p l a n t  ( 1 4 ) .
ABA h a s  b e e n  shown t o  p ro m o te  e t h y l e n e  p r o d u c t i o n  by l c a \ ' e s  (1 ,  
7 1 ) ,  and f r u i t  ( 6 5 ) ,  a n o n - s p e c i f i c  e f f e c t  s h a r e d  by o t h e r  compounds 
s u c h  a s  amino a c i d ,  p o t a s s i u m  i o d i d e  ( 1 ) ,  c y c l o h e x i m i d e  ( 6 ) ,  a s c o r b i c  
a c i d ,  i n d o l e a c c t i c  a c i d  ( 6 4 ) ,  and d e f o l i a n t s  ( 1 2 9 ) .  S e v e r a l  w o r k e r s  
(1 ,  6 5 ,  71) n o t e d  t h a t  i t s  a b i l i t y  t o  i n c r e a s e  a b s c i s s i o n  was c o r r e l a t e d  
w i t h  an i n c r e a s e  i n  e t h y l e n e  p r o d u c t i o n .
ABA i n c r e a s e d  e t h y l e n e  p r o d u c t i o n  (1 ,  65 ,  71) and  e t h y l e n e  
r e g u l a t e d  c e l l u l a s c  s y n t h e s i s  ( 1 5 1 ) .  I t  was t h o u g h t  t h a t  e t h y l e n e  
r e g u l a t e d  c e l l u l a s c  s y n t h e s i s  by r e g u l a t i n g  t h e  s y n t h e s i s  o f  s p e c i f i c  
m e s s e n g e r  RNA and a p p r o p r i a t e  c om p lem en ta ry  t r a n s f e r  and r i b o s o m a l  RNA 
( 1 4 8 ) .  The a b i l i t y  o f  e t h y l e n e  t o  p r o m o te  a b s c i s s i o n  de pended  on t h e  
s y n t h e s i s  o f  RNA and p r o t e i n  ( 1 0 ) .
The a p p l i c a t i o n  o f  ABA as  a f o l i a r  s p r a y  p r o d u c e d  a m e a s u r a b l e  
i n c r e a s e  i n  e t h y l e n e  p r o d u c t i o n  i n  a p p l e  s h o o t s  i*;i thin 6 h o u r s  and in  
a t t a c h e d  ' E a r l y  M c I n t o s h 1 f r u i t s  ( 9 1 ) .  Mayak and I la l evy  (215) showed 
t h a t  exogenous  a p p l i c a t i o n  o f  e t h y l e n e  t o  r o s e  p e t a l s  i n d u c e d  an 
i n c r e a s e  i n  ABA a c t i v i t y .  However ,  A b c le s  (4)  i n d i c a t e d  t h a t  t h e  
i n c r e a s e  i n  e t h y l e n e  p r o d u c t i o n  d i d  n o t  a c c o u n t  f o r  a l l  o f  t h e  ABA's 
a c t i v i t y  b e c a u s e  t h e  p r e s e n c e  o f  a s a t u r a t i n g  d o s e  o f  e t h y l e n e  d i d  n o t  
c o m p l e t e l y  mask t h e  a b i l i t y  o f  ABA.
ABA a c c e l e r a t e d  a b s c i s s i o n  and s e n e s c e n c e  i n  a v a r i e t y  o f  p l a n t  
s p e c i e s  ( 2 0 ) .  D av i s  and A d d i c o t t  (79)  found  a l a r g e  i n c r e a s e  i n  ABA 
in  c o t t o n  f r u i t s  d u r i n g  t h e  p e r i o d  o f  f r u i t  d e h i s c e n c e .
C r a c k e r  and  A be le s  (71) found t h a t  t h e r e  was l i t t l e  o r  no 
e f f e c t  o f  a b s c i s i c  a c i d  on s e n e s c e n c e  o r  a g i n g  o f  l e a f  t i s s u e ,  b u t
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t h e r e  was an i n c r e a s e  i n  t h e  r a t e  o f  c e l l u l a s c  s y n t h e s i s .
Using s y n t h e t i c  s u b s t r a t e s ,  Biggs (32)  showed t h a t  c e l l u l a s c  
was i n v o l v e d  i n  c i t r u s  a b s c i s s i o n  and  t h a t  t h e y  seemed t o  be  c o r r e l a t e d  
w i t h  t h e  s w e l l i n g  c h a r a c t e r i s t i c  o f  c e l l  w a l l s  i n  t h e  s e p a r a t i o n  z o n e s .
A b e lc s  e t  a l .  (10) r e p o r t e d  t h a t  c e l l u l a s c  i n d u c e d  by e t h y l e n e  
was l o c a l i z e d  i n  t h e  s e p a r a t i o n  l a y e r  and i t s  s y n t h e s i s  was i n h i b i t e d  
by  IAA and c y t o k i n i n s .  They a l s o  showed t h a t  a b s c i s s i o n  c e l l u l a s c  was 
an endoenzyme which  was c a p a b l e  o f  d e g r a d i n g  m o d i f i e d  c e l l u l o s e .
Fo r  t h e  c e l l u l a s c  t o  a c t  i n  t h e  p r o c e s s  o f  a b s c i s s i o n ,  i t  mus t  
f i r s t  move from t h e  s i t e  o f  s y n t h e s i s ,  t h e  c y t o p l a s m ,  t h r o u g h  t h e  
plasmalemma i n t o  i t s  s u b s t r a t e ,  t h e  c e l l  w a l l  ( 1 0 ) .  They s u g g e s t e d  
t h a t  e t h y l e n e  c o n t r o l l e d  b o t h  t h e  s y n t h e s i s  and t h e  r e l e a s e  o r  s e c r e ­
t i o n  o f  c e l l u l a s c  f rom t h e  c y to p l a s m  to  t h e  c e l l  w a l l .
ABA s u p p r e s s e d  lA A- induced  e t h y l e n e  s y n t h e s i s  (101) and a l s o  
a l t e r e d  t h e  p e r m e a b i l i t y  o f  t h e  c e l l  membrane ( 1 1 0 ) .
A b e le s  and R u b i n s t e i n  (12) r e p o r t e d  t h a t  SADI I ( S u c c i n i c  a c i d -  
2 , 2 - d i m e t h y l h y d r a x i d c )  was a u n i q u e  g rowth  r e g u l a t o r  which d i d  n o t  
i n d u c e  e t h y l e n e  e v o l u t i o n  i n  p l a n t s .  T h e re  were no a n a t o m i c a l  o r  
m o r p h o l o g i c a l  ch a n g es  in t h e  a b s c i s s i o n  zone which would a c c o u n t  f o r  
t h e  d e l a y  i n  a b s c i s s i o n  o f  SADI I t r e a t e d  f r u i t  ( 9 5 ) .
Davis  and A d d c o t t  (79) a l s o  found t h a t  l a r g e  i n c r e a s e s  i n  ARA 
i n  f r u i t s  d u r i n g  t h e  p e r i o d  o f  f m i t  d e h i s c e n c e .
E t h y l e n e
In 1868 ,  G i r a r d i n  f i r s t  r e p o r t e d  t h a t  i l l u m i n a t i n g  g a s  d e f o l i a t e d  
s h a d e  t r e e s  o f  a number o f  German c i t i e s .  N c l ju h o v  i n  1901,  showed 
t h a t  e t h y l e n e  was t h e  a c t i v e  component  o f  t h e  i l l u m i n a t i n g  gas  ( 4 ) .
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In  1934 ,  Gane (113)  p r o v e d  c h e m i c a l l y  t h a t  p l a n t s  p r o d u c e d  
e t h y l e n e ,  t h e r e b y  p r o v i d i n g  e v i d e n c e  t h a t  e t h y l e n e  was a p l a n t  hormone.
M e th i o n in e  was t h e  m a j o r  i f  n o t  t h e  s o l e  n a t u r a l  p r e c u r s o r  o f  
e t h y l e n e  i n  h i g h e r  p l a n t  t i s s u e s  ( 1 9 1 ) .
Some Growth and D e ve lopm e n ta l  E f f e c t s  o f  E t h y l e n e
E t h y l e n e  s t i m u l a t e d  peach  p o l l e n  g e r m i n a t i o n  and p o l l e n  t u b e  
growtli  (39 ,  2 7 6 ) ,  g e r m i n a t i o n  o f  l e t t u c e  s e e d s  ( 1 1 ) ,  p e a n u t  and  
w i tchw eed  ( 9 9 ) ,  and i n c r e a s e d  bud d e v e lo p m en t  (33 ,  72,  129,  2 3 3 ) .
E t h y l e n e  p rom oted  s p r o u t i n g  o f  g l a d i o l u s  corms ( 3 2 2 ) ,  t u b e r  
deve lopm en t  a t  t h e  ends  o f  s t o l o n s  o f  p o t a t o  s p r o u t s  ( S 7 ) ,  bu lb  
f o r m a t i o n  i n  o n io n  and l e e k  u n d e r  n o n - i n d u c t i v e  p h o t o p c r i o d  ( 1 8 8 ) .
A number o f  w o r k e r s  (356 ,  357) had r e p o r t e d  t h a t  e t h y l e n e  
r e t a r d e d  e l o n g a t i o n  g row th  o f  many s p e c i e s .  I n h i b i t i o n  o f  o a t  
c o l e o p t i l e  e l o n g a t i o n  was c o n c u r r e n t  w i t h  l a t e r a l  e x p a n s i o n .  I t  was 
s u g g e s t e d  t h a t  c o l e o p t i l e  c e l l s  were c a p a b l e  o f  a t t a i n i n g  a f i n i t e  
volume by t h e  l a t e r a l  e x p a n s i o n  i n d u c e d  by e t h y l e n e  and a t  t h e  e x p e n se  
o f  l o n g i t u d i n a l  e x p a n s i o n  ( 2 1 0 ) .
R o b e r t s  (266)  r e p o r t e d  t h a t  i n h i b i t i o n  o f  c e l l  e l o n g a t i o n  
in d u c e d  by e t h y l e n e  as  an i n h i b i t i o n  o f  c e l l u l a s c  m e t a b o l i s m  was r u l e d  
o u t  s i n c e  e t h y l e n e  had no e f f e c t  on w a t e r  u p t a k e ,  r e s p i r a t i o n  o r  
p r o t e i n  m e ta b o l i s m .  The a b i l i t y  o f  e t h y l e n e  t o  c o n t r o l  c e l l  e l o n g a t i o n  
was l e s s  e f f e c t i v e  i n  t h e  l i g h t - g r o w n  t i s s u e  t h a n  i n  t h e  d a rk - g r o w n  
t i s s u e  (47,  120 ) .
E t h y l e n e  c o u l d  c a u s e  t h e  r o o t  i n i t i a t i o n  from s t e m ,  l e a v e s ,  
f l o w e r  s t e m ,  and p r e e x i s t i n g  r o o t s  o f  a v a r i e t y  o f  p l a n t s  ( 3 5 6 ) .  Roots  
were formed i n  t h e  r e g i o n  o f  e l o n g a t i o n  i n  t o b a c c o  and h y d r a n g e a ,
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g e n e r a l l y  o v e r  t h e  whole  s tem  i n  c o l e u s  and t o m a to  p l a n t s ,  o n l y  a round  
t h e  nodes i n  Cosmos s u l p h u r o u s . P rop  r o o t s  were  fo rm ed  on t h e  f i r s t  
f i v e  nodes  above  t h e  g ro u n d  when p o p c o r n  p l a n t s  were  t r e a t e d  w i t h  
e t h y l e n e .  P t h y l c n e  i n d u c e d  r o o t i n g  from t h e  l e a v e s  o f  t o m a t o ,  cosmos ,  
m a r i g o l d ,  and h e l i o t r o p e .  These  r o o t s  were u s u a l l y  i n i t i a t e d  from t h e  
m i d r i b  and from v e i n s  w i t h  i n c r e a s i n g  e x p o s u r e .  However ,  t h e  y o u n g e s t  
and t h e  o l d e s t  l e a v e s  n e v e r  formed r o o t s  ( 4 ) .
F t h y l e n c  i n c r e a s e d  t h e  f o r m a t i o n  o f  r o o t  h a i r s  on Pisum s a t i v u m  
( 5 9 ) ,  and b a r l e y  ( 2 9 8 ) .  P . th re l  was u sed  t o  i n c r e a s e  r o o t i n g  o f  a p p l e  
s e e d l i n g s  ( 7 6 ) ,  and b l u e b e r r y  ( 1 7 1 ) .
I n c r e a s e d  e t h y l e n e  p r o d u c t i o n  by  p l a n t s  t r e a t e d  w i th  2,4-11 l e d  
t o  t h e  u s e  o f  G t h r e l  as  l a t e x  f l o w  p r o m o t e r s .  Leopo ld  (184)  
r e p o r t e d  t h a t  e t h y l e n e  d e f e r r e d  l a t e x  c o a g u l a t i o n  by p r e v e n t i n g  
f l o c c u l a t i o n  o f  r u b b e r  p a r t i c l e s  w i t h  l u t o i d s ,  t h u s  p e r m i t t i n g  l a r g e r  
f low r a t e s  f o r  p r o l o n g e d  p e r i o d s  o f  t i m e .
P t h y l c n e  p rom o ted  t h e  c h a n g in g  o f  t h e  s e x  o f  d e v e l o p i n g  f l o w e r s  
o f  c u c u r b i t s  (69 ,  116 ,  206,  3 0 4 ) .  Melons and g o u r d s  ( 2 0 6 ) ,  s q u a s h  ( 6 9 ) ,  
pumpkins ( 3 0 4 ) ,  and cucumber (69) were i n d u c e d  t o  fo rm  f e m a le  f l o w e r s .
Many w o r k e r s  (120 ,  146 ,  219 ,  356)  showed t h a t  e t h y l e n e  i n h i b i t e d  
l e a f  e x p a n s i o n  o f  many p l a n t s .  Burg e t  a l . (43)  e x p l a i n e d  t h a t  t h e  
p r e v e n t i o n  o f  l e a f  e x p a n s i o n  was due  t o  t h e  i n h i b i t i o n  o f  c e l l  d i v i s i o n ,
P t h y l c n e  i n d u c e d  s w e l l i n g  o f  s tem s  ( 4 ) .  The s w e l l i n g  o f  t i s s u e  
i n d u c e d  by a u x i n  was due t o  an i n c r e a s e  i n  e t h y l e n e  p r o d u c t i o n  (60 ,  147 ) .  
S w e l l i n g  o f  t h e  bean h y p o c o t y l  was due t o  an e x p a n s i o n  o f  c o r t i c a l  
c e l l s .
P l a n t s  were shown to  g i v e  e p i n a s t i c  r e s p o n s e  a f t e r  e t h y l e n e  
t r e a t m e n t  (73 ,  74 ,  3 5 6 ) ,  and t r e a t m e n t  w i t h  compounds t h a t  p rom oted
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e t h y l e n e  p r o d u c t i o n  (73,  74,  3 5 8 ) .
C r o c k e r  e t  a l . (74)  r e p o r t e d  t h a t  t h e  a b i l i t y  o f  e t h y l e n e  t o  
c a u s e  l e a f  c u r v a t u r e  v a r i e d  from s p e c i e s  t o  s p e c i e s ,  h u t  a l s o  from one  
v a r i e t y  t o  a n o t h e r .  They a l s o  d e m o n s t r a t e d  t h a t  t o m a to  p e t i o l e  
c u r v a t u r e  was due t o  t h e  s w e l l i n g  o f  t h e  u p p e r  c e l l s  o f  t h e  b a s a l  end 
o f  t h e  p e t i o l e .
C r o c k e r  e t  a l .  (73) showed t h a t  c p i n a s t y  r e s u l t e d  a s  an a c t i o n  
o f  a u x i n  t h a t  p rom o ted  e t h y l e n e ,  E t h y l e n e  a l t e r e d  a u x i n  t r a n s p o r t  
p a t t e r n s  i n  t h e  p e t i o l e  and e p i n a s t y  was t h e  r e s u l t  o f  an i n h i b i t i o n  o f  
l a t e r a l  a u x i n  t r a n s p o r t  t o  low er  s i d e  o f  t h e  p e t i o l e .  The u p p e r  
p o r t i o n  o f  t h e  p e t i o l e  c o n t a i n e d  more a u x i n  a f t e r  t h e  p l a n t  had been  
t r e a t e d  w i t h  e t h y l e n e  ( 2 0 8 ) .
In  1972,  L e a t h e r  e t  a l . (182)  showed t h a t  p e t i o l e  e x p l a n t s  
c o n s i s t i n g  o f  t i i e  b a s a l  p o r t i o n  o f  t h e  t o m a to  p e t i o l e  w i t h  s u b t e n d i n g  
s tem  t i s s u e  c u r v e d  t o  a g r e a t e r  e x t e n t  when a u x in  was a p p l i e d  t o  t h e  
c u t  s u r f a c e s  o f  t h e  p e t i o l e  t i s s u e .
E t h y l e n e  i n h i b i t e d  t h e  h y p o c o t y l  hook o p e n in g  o f  t h e  mono- and 
d i - c o t y l e d o n o u s  s e e d l i n g s .  I t  was due  t o  an i n h i b i t i o n  o f  c e l l  
e l o n g a t i o n  on t h e  i n s i d e  o f  t h e  hook ( 4 ) .  A be lc s  (4) a l s o  r e p o r t e d  
a u x in  i n c r e a s e d  e t h y l e n e  p r o d u c t i o n  and s i m u l t a n e o u s l y  p rom o ted  hook 
c l o s u r e .
E v id e n c e  p r e s e n t e d  by llurg and Burg (48)  . i n d i c a t e d  t h a t  e t h y l e n e  
d i d  n o t  r e g u l a t e  dormancy by g row th  s u p p r e s s i o n .
E t h y l e n e  had l i t t l e  o r  no e f f e c t  on g rowth  o f  i s o l a t e d  
c o l e o p t i l e  s e g m e n t s .  However,  i t  enhanced  t h e  g row th  i n d u c e d  by a u x i n  
( 1 5 6 ) .  Maxie and Crane (214)  r e p o r t e d  t h a t  e t h y l e n e  i n h i b i t e d  t h e  
g rowth  o f  f i g s  d u r i n g  t h e  c e l l  d i v i s i o n  s t a g e  and p romoted  g rowth
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d u r i n g  g rowth  and m a t u r a t i o n  s t a g e .
Stem growtli  i n h i b i t i o n  was n o t  due t o  t h e  e f f e c t  o f  c t h l y e n e  on 
s t r e t c h a b i l i t y  o f  t h e  t i s s u e  (235 ) .
14E t h y l e n e  was a l s o  r e p o r t e d  t o  have  no e f f e c t  on ( C ) - g l u c o s e  
i n c o r p o r a t i o n  i n t o  c e l 1 w a l l  m a t e r i a l ,  t o t a l  RNA c o n t e n t ,  i n c o r p o r a t i o n  
o f  ATP i n t o  RNA, u p t a k e  ' AA, t r y p t o p h a n ,  g l u c o s e ,  p r o l i n e ,  l e u c i n e ,  
ATP, a r a b i n o s e ,  t h y m i d i n e  and p e r m e a b i l i t y  o f  t i s s u e  t o  t r i t i a t e d  IAA 
(21 ,  4 3 ) .
R idge  and Osborne  (264) o b s e r v e d  t h a t  t h e r e  was an i n c r e a s e  i n  
c e l l u l a s c  i n  a u x i n - t r e a t e d  t i s s u e  and t h e r e  was no change  i n  c e l l u l a s e  
when i d e n t i c a l  s w e l l i n g s  were  i n d u c e d  w i t h  e t h y l e n e .  They s u g g e s t e d  
t h a t  c e l l u l a s e  d i d  n o t  p l a y  a r o l e  i n  c e l l  w a l l  m o d i f i c a t i o n  d u r i n g  t h e  
s w e l l i n g  p r o c e s s .
E t h y l e n e :  A b s c i s s i o n
Many w o r k e r s  have  c o n d u c t e d  s t u d i e s  on e t h y l e n e  e f f e c t  on 
membrane p e r m e a b i l i t y  and  a b s c i s s i o n .  E t h y l e n e  was r e p o r t e d  t o  have  
no i n f l u e n c e  on membrane p e r m e a b i l i t y  o f  b a n a n a ,  b e a n ,  a v a c a d o ,  and 
Rhoeo ( 2 7 2 ) .  On t h e  o t h e r  ha nd ,  many w o r k e r s  (37,  4 2 ,  49 ,  272) 
r e p o r t e d  t h a t  e t h y l e n e  c a u s e d  changes  i n  membrane c h a r a c t e r i s t i c s .
E t h y l e n e  i s  more s t a b l e  i n  o i l  t h a n  i n  w a t e r  and membranes 
c o n t a i n  l a r g e  q u a n t i t i e s  o f  l i p i d s ,  t h u s  t h e  i d e a  t h a t  e t h y l e n e  ha s  a 
d i s r u p t i v e  e f f e c t  on membranes which c a u s e s  a change  i n  p e r m e a b i l i t y  
and  a l t e r a t i o n  o f  c o m p a r t m e n t a l i z a t i o n  has  been  i n v e s t i g a t e d  by a 
number o f  w o r k e r s  and docs  a p p e a r  t o  be v a l i d .  R ip e n in g  f r u i t s  
e x h i b i t e d  o b v i o u s  ch a n g es  i n  t e rm  o f  p e r m e a b i l i t y  and r e t e n t i o n  o f  
s o l u b l e  components .  I t  a p p e a r e d  more l i k e l y  t h a t  e t h y l e n e  c a u s e d
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c h a n g e s  i n  membrane p e r m e a b i l i t y  which i n  t u r n  lexl t o  s o f t e n i n g  and 
i n c r e a s e d  r e s p i r a t i o n  ( 4 ) .  However ,  e v i d e n c e  from many w o r k e r s  (37 ,  42 ,  
49)  s u g g e s t e d  t h a t  c h a n g e s  i n  membrane c h a r a c t e r i s t i c s  were  t h e  r e s u l t  
o f  r i p e n i n g  r a t h e r  t h a n  a c a u s e .
S t u d i e s  t o  d e t e r m i n e  w h e t h e r  e t h y l e n e  i n c r e a s e s  o r  c o n t r o l s  t h e  
r a t e  o f  enzyme s e c r e t i o n  o r  r e l e a s e  from c e l l s  has  been  i n v e s t i g a t e d  by 
a number o f  w o r k e r s .  J o n e s  (168)  r e p o r t e d  t h a t  e t h y l e n e  i n c r e a s e d  no t  
s o l e l y  t h e  r e l e a s e  o f  OC-amylase from b a r l e y  h a l f - s e e d s ,  b u t  a l s o  
i n h i b i t e d  t h e  amount  o f  OC-amylase s y n t h e s i z e d  by t h e  h a l f - s e c d s  when 
no g i b b c r e l l i c  a c i d  was p r e s e n t .  However ,  h i g h  c o n c e n t r a t i o n s  o f  
e t h y l e n e  had an i n h i b i t o r y  e f f e c t  on enzyme s e c r e t i o n .
H or ton  and Osbo rne  (151) found  t h a t  e t h y l e n e  i n c r e a s e d  t h e  
s y n t h e s i s  o f  c e l l u l a s c ,  an enzyme t h a t  was r e s p o n s i b l e  f o r  t h e  
d i s o l u t i o n  o f  c e i l  w a l l s .
In  a s t u d y  o f  t h e  r e g u l a t i o n  o f  p e r o x i d a s e  a c t i v i t y  i n  pea 
s tem t i s s u e ,  Ridge  and Osborne  (264)  r e p o r t e d  t h a t  e t h y l e n e  i n h i b i t e d  
l e a k a g e  o f  p e r o x i d a s e  a c t i v i t y  f rom a p i c a l  t i s s u e  and ,  t o  a l e s s e r  
e x t e n t  b a s a l  t i s s u e .
The e f f e c t  o f  e t h y l e n e  on o t h e r  enzymes such a s  p r o t e a s e ,  
i n v e r t a s e ,  c a t a l a s e ,  r e d u c t a s e  e t c .  has  been  r e p o r t e d  and  r e v i e w e d  
by A b e lc s  ( 4 ) .
I)e l e  F u c n t e  and Leopold  (81) r e p o r t e d  t h a t  f o l l o w i n g  a s h o r t  
l a g ,  e t h y l e n e  r e d u c e d  t h e  b r e a k s t r e n g t h  o f  a b s c i . s s i o n - z o n e  c x p l a n t s ,  
and t h e  remova l  o f  e t h y l e n e  by f l u s h i n g  t h e  g a s  p h a s e  p r e v e n t e d  
f u r t h e r  r e d u c t i o n  i n  b r e a k s t r e n g t h .
In  t h e  s t u d y  o f  t h e  c o n t r o l  o f  b r e a k s t r e n g t h  by e t h y l e n e ,  A be le s  
and  L e a t h e r  (9) found  t h a t  c e l l u l a s e  f o l l o w e d  t h e  a d d i t i o n  o f  e t h y l e n e
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b u t  l e v e l s  o f  c e l l u l a s e  r e m a in e d  c o n s t a n t  a f t e r  e t h y l e n e  gas  was removed.  
T h i s  f i n d i n g  i n d i c a t e d  t h a t  e t h y l e n e  had a n o t h e r  e f f e c t  i n  a d d i t i o n  t o  
t h e  r e g u l a t i o n  o f  enzyme s y n t h e s i s .  Reviewed e v i d e n c e  (4) i n d i c a t e d  
t h a t  t h i s  a d d i t i o n a l  e f f e c t  was t h e  c o n t r o l  o f  c e l l u l a s e  s e c r e t i o n  and 
i t s  movement and  t h a t  t h i s  a c c o u n t e d  f o r  t h e  m a i n t e n a n c e  o f  b r e a k ­
s t r e n g t h  once e t h y l e n e  was removed.
Some I n t e r a c t i o n  E f f e c t s  Between Growth R e g u l a t o r s
Review from Leopo ld  and Kriedemann (185)  i n d i c a t e d  t h a t  GA and 
a u x in  b o t h  a c t e d  i n d e p e n d e n t l y  and t o g e t h e r ,  d e p e n d in g  upon t h e  s p e c i e s  
o f  p l a n t ,  t h e  c o n d i t i o n s  u n d e r  w h ic h  t h e  p l a n t  was g r o w i n g ,  and  t h e  
t y p e  o f  r e s p o n s e  b e i n g  m e a s u r e d .
E d g e r to n  (90) r e p o r t e d  t h a t  a u x in  a p p l i e d  w i t h  E t h r e l  c o u n t e r ­
a c t e d  t h e  p r o m o t io n  o f  a b s c i s s i o n  i n d u c e d  by E t h r e l .  Cooper  e t  a l .
(65) i n  t h e i r  s t u d y  w i t h  a b s c i s i c  a c i d  on c i t r u s ,  showed t h a t  an 
i n c r e a s e d  e t h y l e n e  e v o l u t i o n  i n  c a la m o n d in  f r u i t s  and l e a v e s  was 
o b s e r v e d .  L eopo ld  and Kriedemann (185) r e p o r t e d  t h a t  e t h y l e n e  a l s o  
e x e r t e d  an i n h i b i t o r y  e f f e c t  a g a i n s t  some g i b b e r e l l i n  a c t i o n s .
ABA c o u l d  n o t  b e  c o n s i d e r e d  a s  a GA a n t a g o n i s t  i n  v iew  o f  t h e  
f a c t  t h a t  i t s  i n h i b i t o r y  e f f e c t s  a p p l i e d  e q u a l l y  w e l l  t o  g rowth 
s t i m u l a t i o n s  by  a u x i n ,  g i b b e r e l 1 i n ,  o r  c y t o k i n i n  ( 1 8 3 ) .
Ha levy  (126) found  t h a t  t h e r e  was a  r e d u c t i o n  i n  t h e  p r o d u c t i o n  
o f  e t h y l e n e  i n  cucumbers  f o l l o w i n g  t r e a t m e n t  o f  SADII.
Some T h e o r i e s  R e l a t e d  t o  A b s c i s s i o n  and S e n e s c e n c e
H a l l  (128)  r e p o r t e d  t h a t  f o l i a r  a b s c i s s i o n  was r e g u l a t e d  by an 
a u x i n - c t h y l e n c  b a l a n c e ,  lie showed t h a t  e t h y l e n e  was a n a t u r a l  
r e g u l a t o r  o f  a b s c i s s i o n ,  w o r k in g  i n  a b a l a n c e  a g a i n s t  a u x i n .
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Using deb l a d e d  l e a f  p e t i o l e s  t o  s t u d y  t h e  p h y s i o l o g y  o f  
a b s c i s s i o n ,  A d d i c o t t  and Lynch (18)  d e m o n s t r a t e d  t h a t  t h e  most  
i m p o r t a n t  f a c t o r  c o n t r o l l i n g  a b s c i s s i o n  i s  t h e  c o n d i t i o n  o f  t h e  a u x in  
g r a d i e n t  a c r o s s  t h e  a b s c i s s i o n  zone .  Auxin and t h e  e s t a b l i s h m e n t  o f  
a u x i n - g r a d i e n t  a c r o s s  t h e  a b s c i s s i o n  zone (18)  were n o t  t h e  o n l y  
f a c t o r s  c o n t r o l l i n g  a b s c i s s i o n  however .  I t  lias b e e n  shown t h a t  l e a f  
a b s c i s s i o n  i n  c o t t o n  e x p l a n t s  was a c c e l e r a t e d  by a n a t u r a l  g ro w th -  
i n h i b i t i n g  ho rmone ,  a b s c i s i c  a c i d  ( 1 9 ) .  In  a d d t i o n  t o  t h i s ,  a r i s e  i n  
ABA l e v e l  has  a l s o  been r e p o r t e d  d u r i n g  th e  s e n e s c e n c e  o f  n a s t u r t i u m  
l e a v e s  ( 2 4 9 ) ,  and d u r i n g  t h e  p e r i o d  o f  f r u i t  d e h i s c e n c e  ( 7 9 ) .
A b s c i s s i o n  o f  l e a v e s ,  f l o w e r s ,  and f r u i t s  h a s  b e e n  shown t o  be 
i n f l u e n c e d  s t r o n g l y  by a u x i n  and o t h e r  hormones as  w e l l  ( 1 5 ) .
Wheat c o l e o p t i l e  s t r a i g h t  g row th  b i o a s s a y s  o f  e x t r a c t s  from 
p e c a n  f r u i t s  e s t a b l i s h e d  t h e  p r e s e n c e  o f  g rowth  p r o m o t in g  and 
i n h i b i t i n g  s u b s t a n c e s .  I n d o l e a c e t i c  a c i d  and g i b b e r e l l i n  were 
b e l i e v e d  t o  be among t h e  g rowth  p r o m o t in g  s u b s t a n c e s .  A g rowth  
i n h i b i t i n g  s u b s t a n c e ,  p o s s i b l y  a b s c i s i c  a c i d ,  p rom o ted  t h e  a b s c i s s i o n  
o f  c o t t o n  c o t y l e d o n a r y  node e x p l a n t s .  The a b s o l u t e  l e v e l  o f  growth 
s u b s t a n c e s  d i d  n o t  a p p e a r  t o  be c o r r e l a t e d  w i t h  t h e  s e a s o n a l  s h e d d in g  
p a t t e r n  o f  f r u i t s  (196 ) .
The f i n d i n g s  o f  A d d i c o t t  (15)  and Lipc and Morgan (194) 
s u p p o r t e d  t h e  c o n c e p t  o f  endogenous  b a l a n c e  o f  g row th  hormones in  
r e g u l a t i o n  o f  a b s c i s s i o n .
Lipc  and Morgan (192 ,  194) p r o p o s e d  t h a t  e t h y l e n e  was t h e  
hormonal  r e g u l a t o r  o f  t h e  d e h i s c e n c e  o f  pe c an  shuck .
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A l a r  ( 2 , 2 - d i m c t h y h y l h y d r a z i d e  s u c c i n i c  n c i d )  o r  SAD1I
A l a r ,  a l s o  known as B-995 o r  B - n i n e ,  was d i s c o v e r e d  in  t h e  
A g r i c u l t u r a l  Chemica l  L a b o r a t o r i e s  o f  t h e  UniRoyal  Chemica l  D i v i s i o n  
o f  U n iR o y a l ,  I n c .  I t  was o r i g i n a l l y  c l a s s i f i e d  as  a g rowth  r e t a r d a n t  
b e c a u s e  i t  s u p p r e s s e d  s tem  e l o n g a t i o n .  Due t o  i t s  g r e a t  v a r i e t y  o f  
r e s p o n s e s ,  i t  was l a t e r  c a l l e d  a g rowth  r e g u l a t o r  ( 2 2 6 ) .
L d g e r to n  and Hoffman (94) showed t h a t  t h e r e  was an i m p o r t a n t  
r e l a t i o n s h i p  be tw een  p o t a s s i u m  g i b b e r e l l a t e  (KGA) and g rowth  r e t a r d a n t ,  
A l a r .  The g rowth  r e s p o n s e  o f  a p p le  s h o o t s  t o  c o m b i n a t i o n s  o f  A l a r  
and GA had i n d i c a t e d  t h a t  A l a r  b l o c k e d  t h e  a c t i o n  o f  GA. The 
a p p l i c a t i o n  o f  A l a r  a t  1 ,0 0 0  ppm w i t h  KGA a t  200 ppm r e d u c e d  t h e  
l e n g t h  o f  t h e  g rowth  o f  t h e  s h o o t s  t o  l e s s  t h a n  50% o f  t h e  g rowth 
made by s h o o t s  t r e a t e d  w i t h  GA a l o n e ,  b u t  i n f l u e n c e  on d i a m e t e r  was 
n o t  s i g n i f i c a n t .  T r e a t m e n t  w i t h  A l a r  a t  1 ,0 00  ppm c o u n t e r a c t e d  t h e  
s t i m u l u s  o f  a h ig h  KGA c o n c e n t r a t i o n  o f  500 ppm and r e d u c e d  t h e  
l e n g t h  g rowth  o f  s h o o t s  t o  70% o f  t h a t  made by s h o o t s  t r e a t e d  w i t h  
KGA a l o n e  w h i l e  t h e  d i a m e t e r  g rowth  o f  s h o o t s  was a c t u a l l y  g r e a t e r .
Drop p r e v e n t i o n  o r  d e l a y  i n  f r u i t  a b s c i s s i o n  i n d i c a t e d  t h a t  
B-995 migh t  s t i m u l a t e  t h e  a c t i o n  o f  a g rowth  p r o m o t e r  o r  a u x in  i n  
c o n t r o l l i n g  t h e  a b s c i s s i o n  and p r c h a r v e s t  d rop  o f  m a tu r e d  a p p l e  f r u i t s .  
Changes o c c u r r e d  i n  t h e  a b s c i s s i o n  zone which m igh t  i n h i b i t  s e p a r a t i o n  
o f  f r u i t  p e d i c e l  from s p u r  beyong t h e  s t a g e  o f  m a t u r i t y  c h a r a c t e r i s t i c  
o f  t h e  c o n t r o l  f r u i t s  a t  a b s c i s s i o n .
A p p l i c a t i o n  o f  SADH i n c r e a s e d  s k i n  c o l o r  o f  p e a c h e s ,  t h u s  
r e s u l t i n g  i n  more u n i f o r m l y  c o l o r e d  f r u i t s  (52) and  SAD1I t r e a t e d  
p e a c h e s  m a tu r e d  e a r l y  (5 3, 54) and a b s c i s e d  more r e a d i l y  f rom t h e  
s tem and l e f t  l e s s  f r u i t s  r e m a i n i n g  on t h e  t r e e  when h a r v e s t e d
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m e c h a n i c a l l y  ( 1 1 2 ) .
S t o r e y  c t  a l  (308)  r e p o r t e d  t h a t  4 , 0 0 0  ppm A l a r  r e d u c e d  g r o w t h ,  
i n c r e a s e d  bud f o r c i n g ,  p r e c o c i o u s n e s s ,  g ro w th  d e n s i t y ,  l e a f  c o l o r ,  and 
y i e l d  o f  p e c a n  n u t s  b u t  d e l a y e d  m a t u r i t y  and r e d u c e d  t h e  q u a l i t y  so  
t h a t  t h e r e  was no d i f f e r e n c e  i n  v a l u e  b e tw e e n  t h e  y i e l d  and q u a l i t y .
A l a r  was r e p o r t e d  t o  be q u i t e  m o b i l e  as  an i n t a c t  compound even 
a f t e r  l o n g  p e r i o d s  o f  m e t a b o l i s m  ( 2 1 2 ) .  T h e r e  was some t r a n s l o c a t i o n  
o f  A l a r  f rom t h e  t r e a t e d  b i ' anchcs  t o  t h e  a d j o i n i n g  b r a n c h e s  and a l s o  
from t h e  s u r f a c e  o f  t h e  f r u i t  t o  t h e  f l e s h  and  s e e d s  o f  a p p l e  ( 9 3 ) .  
However., t h e r e  a p p e a r e d  t o  be l i t t l e  o r  no t r a n s l o c a t i o n  o f  SADH from 
t r e a t e d  t o  u n t r e a t e d  b r a n c h e s  d u r i n g  t h e  g row ing  s e a s o n  ( 2 8 2 ) .  SADH 
a t  2 ,0 0 0  ppm s p r a y  ha d  c o n t r o l l e d  f r u i t  d r o p  and u p p e r  s h o o t  g r o w t h ,  
r e d u c e d  f r u i t  s i z e  and i n c r e a s e d  f i r m n e s s  ( 1 3 7 ) .  Based on e v i d e n c e  
o f  SADH t r a n s l o c a t i o n  i n  a p p l e  t r e e s  (93 ,  2 8 2 ) ,  Hatch (137)  s u g g e s t e d  
t h a t  SADI! c o n t r o l l e d  g rowth  and  d e v e lo p m e n t  by c h a n g in g  t h e  hormone 
b a l a n c e ( s )  i n  t h e  t r e e .
R e s u l t s  o f  numerous  in^ v i t r o  and i n  v iv o  e x p e r i m e n t s  u s i n g  
d i f f e r e n t  p l a n t  s p e c i e s  i n d i c a t e d  t h a t  SADH i n h i b i t e d  g i b b c r e l l i n  
s y n t h e s i s  (24 ,  197,  345) b u t  S t a b y  (305) r e p o r t e d  t h a t  SADH showed 
l i t t l e  o r  no i n h i b i t o r y  e f f e c t s  on t h e  b i o s y n t h e s i s  o f  n e u t r a l  
t e r p e n e s  i n c l u d i n g  g i b b c r e l l i n  p r e c u r s o r s  r e g a r d l e s s  o f  t h e  c o n c e n ­
t r a t i o n s  u s e d  o r  t h e  t e s t  s y s te m  u s e d .  SADH s h o u l d  be  c o n s i d e r e d  as  
a n t i - m e t a b o l i t e  and n o t  1a n t i - g i b b e r e l 1i n 1 ( 3 0 5 ) .
Knapp e t  a l .  (174)  s u g g e s t e d  t h a t  SAD11 t r e a t m e n t  p o s s i b l y  
i n c r e a s e d  p r o t e o l y s i s  l e a d i n g  t o  d e g r a d a t i o n  o f  o - D i p h e n o l .  Mur r  and 
M o r r i s  ( 2 3 8 ) ,  u s i n g  i n  v . i t r o  t e s t s ,  i n d i c a t e d  t h a t  SADH compe ted w i t h  
p r o l i n e  f o r  q u i n o n e s  p r o d u c e d  by e n z y m a t i c  o r  n o n - e n z y m a t i c  o x i d a t i o n
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o f  o - D i p h e n o l s .  These  o b s e r v a t i o n s  (238)  p r o p o s e d  t h a t  i n  v i v o  SADH 
e x e r t e d  a dua l  e f f e c t  i n  r e d u c i n g  mushroom d i s c o l o r a t i o n  f i r s t  by 
i n d u c i n g  d e g r a d a t i o n  o f  o - D i p h e n o l  o x i d a s e  t h r o u g h  an i n c r e a s e  i n  
p r o t e o l y t i c  a c t i v i t y  and s e c o n d  by b i n d i n g  q u i n o n e s  t h e r e b y  removing  
i n t e r m e d i a t e s  which l e d  t o  p ig m e n t  f o r m a t i o n .
R e g u l a t i o n  o f  E t h y l e n e  P r o d u c t i o n  by A l a r
A bc lc s  and R u b i n s t e i n  (12) r e p o r t e d  t h a t  N-d imethyamino  
s u c c i n a in i c  a c i d  ( A l a r )  r e d u c e d  e t h y l e n e  p r o d u c t i o n  and g rowth  o f  bean  
s e e d l i n g s  by 50% when A l a r  was a p p l i e d  as  s o i l  d r e n c h .
A number o f  i n v e s t i g a t o r s  have  shown t h a t  A l a r  d e l a y s  h a r v e s t  
da te *  e t h y l e n e  p e a k ,  and d e c r e a s e s  p o s t - p e a k  and e t h a n o l  c o n t e n t  a f t e r  
21 .5°C  h o l d i n g  p e r i o d  ( 3 5 ) .
P o r s y t h  and H a l l  (107) r e p o r t e d  t h a t  t h e y  f a i l e d  t o  o b s e r v e  an 
e f f e c t  o f  A l a r  on e t h y l e n e  p r o d u c t i o n  by lowbush b l u e b e r r y  f l o w e r s ,  
and  A l a r  d i d  n o t  a f f e c t  a u x in  t r a n s p o r t  and q u a l i t y .
O b s e r v a t i o n s  (4 ,  200 ,  201 ,  202 ,  261)  showed t h a t  A l a r  s u p p r e s s e d
e t h y l e n e  p r o d u c t i o n  and t h e  r i p e n i n g  o f  a p p l e  f r u i t s .
A l a r  d e l a y e d  t h e  r e s p i r a t o r y  c l i m a c t e r i c  (202)  and m igh t  a c c o u n t
f o r  t h e  d e l a y  i n  f r u i t  a b s c i s s i o n  ( 2 0 2 ) .  I n h i b i t i o n  o f  t h e  c l i m a c t e r i c  
by B - n in e  was overcome by exogenous  e t h y l e n e  b u t  l a t t e r  t r e a t m e n t  
f a i l e d  t o  c o m p l e t e l y  r e v e r s e  t h e  13-nine i n h i b i t i o n  o f  endogenous  
e t h y l e n e  p r o d u c t i o n .  T h i s  m igh t  s u g g e s t  t h a t  B -n in e  p o s s i b l y  
i n t e r f e r e d  w i t h  endogenous  a u x in  o r  GA l e v e l s  (200 ,  201) b e c a u s e  
a u x in  i s  known t o  p rom ote  f r u i t  r i p e n i n g  and e t h y l e n e  p r o d u c t i o n  ( 4 2 ) .
A p p l i c a t i o n  o f  SADH 50 days  b e f o r e  h a r v e s t  i n  c o m b i n a t i o n  w i t h  
a p p l i c a t i o n  o f  e i t h e r  NAA o r  2 , 4 , 5 - T  two weeks b e f o r e  h a r v e s t  t o t a l l y
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e l i m i n a t e d  t h e  a b s c i s s i o n - i n d u c i n g  e f f e c t s  o f  E thephon  ( 2 0 2 ) .  SADI[ 
t r e a t m e n t s  were more e f f e c t i v e  t h a n  2 , 4 , 5 - T  t r e a t m e n t  i n  r e d u c i n g  
a c c u m u l a t i o n  o f  e t h y l e n e  i n  s t o r e d  f r u i t s  o f  'M c I n t o s h '  a p p l e  ( 2 5 2 ) .
A be le s  and R u b i n s t e i n  (12)  and Looney (200 ,  201) summarized  
r e s e a r c h  by o t h e r s  showing  t h a t  p l a n t s  t r e a t e d  w i t h  A l a r  u s u a l l y  
c o n t a i n e d  l e s s  a u x i n .  S i n c e  endogenous  a u x i n  l e v e l s  can c o n t r o l  
e t h y l e n e  p r o d u c t i o n ,  t h e y  p r o p o s e d  t h a t  r e d u c t i o n  i n  e t h y l e n e  
p r o d u c t i o n  f o l l o w i n g  a p p l i c a t i o n  o f  g rowth  r e t a r d a n t  ( i n c l u d i n g  A l a r )  
was an  i n d i r e c t  r e s u l t  o f  r e d u c e d  a u x in  l e v e l  ( 4 ) .
MATERIALS AND METHODS
T h i s  r e s e a r c h  c o n s i s t e d  o f  f i v e  p a r t s  and i n v o l v e d  s t u d i e s  on :
I .  L e ve ls  o f  endogenous  g rowth  p r o m o t e r s  and i n h i b i t o r s  t h a t
r e g u l a t e  n a t u r a l  p e c a n  shuck o p e n i n g .
I I .  R e g u l a t i o n  o f  abnorm al  shuck  o p e n in g  o f  pecan  (pecan  shuck  d i s e a s e )
by hormones .
I I I .  E f f e c t s  o f  g i b b e r e l l i c  a c i d ,  A l a r ,  and t h e i r  c o m b i n a t i o n s  on t h e
o c c u r r e n c e  o f  abnorm al  shuck o p e n in g  o f  pecan  and k e r n e l  y i e l d .
IV. E f f e c t s  o f  IAA, GA, PBA ( s y n t h e t i c  cytok in in ,ACCEL o r  a d e n i n e ,  N-
b e n z y l - 9 - ( t e t r a h y d r o - 2 - H - p y r a n - 2 - y l ) , and t h e i r  c o m b i n a t i o n s  on 
t h e  o c c u r r e n c e  o f  abnorm al  shuck  o p e n in g  o f  p e c a n  and k e r n e l  
y i e l d .
V. E f f e c t s  o f  k i n c t i n ,  and c o m b i n a t i o n s  o f  k i n e t i n  and A l a r  on t h e
o c c u r r e n c e  o f  abnorm al  shuck  o p e n in g  o f  pe c a n  and k e r n e l  y i e l d .
S tu d y  1: Endogenous  growth  p r o m o t e r s  and i n h i b i t o r s
E x t r a c t i o n
The p r o c e d u r e  f o r  d e t e r m i n i n g  t h e  endogenous  l e v e l s  o f  t h e  
g rowth  hormones i n  t h e  pe c a n  shuck  was a d o p t e d  and m o d i f i e d  from Lipe 
e t  a l .  ( 1 9 6 ) ,  and Loh ( 1 9 8 ) .
Sam pl ing  o f  t h e  pe can  f r u i t s  a t  w eek ly  i n t e r v a l s  began  when t h e
f r u i t s  were 1 1 /2  cm i n  d i a m e t e r  and 2 1 /2  cm in  l e n g t h  and t e r m i n a t e d
when t h e  p e c a n  f r u i t s  showed n a t u r a l  shuck  o p e n i n g .  The t r e e  f o r  t h i s  
s t u d y  was l o c a t e d  a t  t h e  Ben flur Farm,  L o u i s i a n a  A g r i c u l t u r a l  Expe r im en t
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S t a t i o n ,  Baton Rouge, L o u i s i a n a .  bach f r u i t  s e r v e d  as  a sample 
which  was c o l l e c t e d  from t h e  30 y e a r - o l d  ' S u c c e s s '  t r e e ,  f r u i t s  were 
r andom ly  s e l e c t e d .  Sampling  o f  f r u i t s  was i n  a l l  i n s t a n c e s  c a r r i e d  
o u t  i n  t h e  e v e n in g  a t  6 :0 0  pm i n  o r d e r  t o  a v o i d  t h e  i n f l u e n c e  o f  any 
d i u r n a l  change  i n  t h e  endogenous  l e v e l  o f  ho rmones .  I m m e d ia t e l y  a f t e r  
t h e  c o l l e c t i o n  o f  s a m p l e s ,  2 gm o f  t h e  f r e s h  p e c a n  shuck  were c u t  from 
e a ch  f r u i t  w i t h  t h e  s e e d  b e i n g  removed.  T h i s  was done t o  r e d u c e  t h e  
p o s s i b i l i t y  o f  t h e  food  r e s e r v e  s t o r e d  i n  t h e  s e e d  a f f e c t i n g  t h e  
e x t r a c t i o n  p r o c e d u r e  when s e e d  c o a t  was n o t  y e t  h a r d e n e d .  When t h e
f r u i t s  became l a r g e r ,  a 5 gm sample  was u s e d .
bach  sample was c u t  i n t o  s m a l l  p i e c e s  and t h e n  e x t r a c t e d  w i t h  
40 ml d i e t h y l  e t h e r  f o r  12 h o u r s  a t  0°C. The e x t r a c t  was t h e n  f i l t e r e d  
t h r o u g h  g l a s s  wool and washed  w i t h  t h r e e  10 ml a l i q u o t s  o f  d i e t h y l  
e t h e r  which was t h e n  combined w i t h  t h e  o r i g i n a l  e x t r a c t .  The combined 
e t h e r  e x t r a c t  was t h e n  e x t r a c t e d  w i t h  t h r e e  20 ml a l i q u o t s  o f  0 . 5  M 
NallCO^. The e t h e r  f r a c t i o n  was d r i e d  w i t h  anh y d ro u s  sodium s u l p h a t e .  
T h i s  co m p r i se d  t h e  n e u t r a l / b a s i c  f r a c t i o n  o f  t h e  e x t r a c t .
T a n n in s  which were p r e s e n t  i n  t h e  b i c a r b o n a t e  f r a c t i o n  were 
p r e c i p i t a t e d  o u t  w i t h  10 ml o f  20% l e a d  s u b a c e t a t e  ( 1 9 6 ) .  A f t e r
p r e c i p i t a t i o n ,  t h e  b i c a r b o n a t e  s o l u t i o n  which had a  pll o f  8 . 1 8  was
t h e n  a c i d i f i e d  w i t h  10% h y d r o c h l o r i c  a c i d  t o  pH 2 t o  3. The a c i d i f i e d  
b i c a r b o n a t e  s o l u t i o n  was a l l o w e d  t o  s e t t l e  f o r  10 m i n u t e s  w i t h o u t  
c e n t r i f u g a t i o n .  The s u p e r n a t a n t  r e c o v e r e d  was t h e n  e x t r a c t e d  w i th  
t h r e e  30 ml a l i q u o t s  o f  d i e t h y l  e t h e r  and d r i e d  as  b e f o r e .  T h i s  e t h e r  
f r a c t i o n  c o m p r i s e d  t h e  a c i d i c  f r a c t i o n  o f  t h e  e x t r a c t .
The two e t h e r  e x t r a c t s  were c o n c e n t r a t e d  t o  one  ml u n d e r  r e d u c e d  
p r e s s u r e  i n  a h o t  w a t e r - b a t h  a t  a t e m p e r a t u r e  o f  38°C. A 0 . 3  ml
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a l i q u o t  o f  t h e  e x t r a c t  was t a k e n  t o  s t r e a k  i n  a t h i n  l i n e  a c r o s s  t h e  
Whatman No. 1 c h r o m a t o g r a p h i c  p a p e r  s t r i p s ,  2 cm w i d e ,  u s i n g  a one ml 
t u b e r c u l i n  d i s p o s a b l e  s y r i n g e .  Using t h e  d e s c e n d i n g  t e c h n i q u e ,  t h e  
c h ro m a to g r a n s  were d e v e l o p e d  i n  n - b u t a n o 1 - ammonium h y d r o x i d e - w a t e r  
s o l v e n t  ( 1 0 : 1 : 1 ,  v / v / v )  i n  ch rom a tocab  which  was s a t u r a t e d  w i t h  fumes 
o f  t h e  same s o l v e n t .  The s o l v e n t  was a l l o w e d  to  d e s c e n d  f o r  ab o u t  14 
h o u r s  a t  t e m p e r a t u r e  o f  23°C.  The p a p e r  was t h e n  removed and  d r i e d  i n  
t h e  l a b o r a t o r y  a t  a t e m p e r a t u r e  o f  25°C. P a p e r  ch rom a togram s  no t  
i m m e d i a t e l y  u s e d  f o r  b i o a s s a y  were s t o r e d  a t  -5°C i n  d a r k n e s s .
B i o a s s a y
The p r o c e d u r e  f o r  t h e  b i o a s s a y  o f  g rowth  p r o m o t e r s  and i n h i b i t o r s  
p r e s e n t  i n  t h e  p a p e r  chromatograms was a d o p t e d  from M e n d e r s h o t t  and 
W alker  ( 1 4 2 ) ,  and Loh ( 1 9 8 ) .  The h u l l  l e s s  o a t  s e e d s  cv .  B r i g h t o n  
(Avena s a t i v a  L .)  f o r  t h e  b i o a s s a y  o f  e x t r a c t s  f rom pecan  s h u c k s  were 
o b t a i n e d  from R e s e a rc h  S t a t i o n ,  R e s e a rc h  Branch ,  A g r i c u l t u r e  Canada,  
U n i v e r s i t y  Campus, S a s k a t o o n ,  S a s k a tc h e w a n ,  Canada .  The o a t  s e e d s  
were s o a k e d  i n  d i s t i l l e d  w a t e r  f o r  two h o u r s ,  and t h e n  s e e d e d  on m o i s t  
f o u r - l a y e r  t i s s u e  p a p e r s  i n  g e r m i n a t i n g  b o x e s .  The s e e d s  were s u b j e c t e d  
t o  r e d  l i g h t  t r e a t m e n t  f rom a f l u o r e s c e n t  t u b e  wrapped w i t h  t h r e e  
l a y e r s  o f  r e d  c e l l u l o s e  a c e t a t e  p a p e r  f o r  36 h o u r s .  T h i s  r e d  l i g h t  was 
u s e d  t o  s u p p r e s s  m e s o c o ty l  g rowth .  A f t e r  t h i s ,  t h e  s e e d s  were a l l o w e d  
t o  g e r m i n a t e  f o r  a n o t h e r  36 h o u r s  i n  t h e  d a r k  a t  2D°C. C o l c o p t i l c s  o f  
15 t o  30 mm were  s e l e c t e d .  A t h r e e  nun segment  f rom t h e  t i p  was removed.  
The n e x t  f i v e  mm segment  was u s e d  f o r  b i o a s s a y .  The p r i m a r y  l e a f  was 
n o t  removed from t h e  c o l e o p t i l e  s egm en ts  s i n c e  u n t h r e a d e d  segm en ts  grew 
t o  a  g r e a t e r  e x t e n t  ( 3 0 ) .  C u t t i n g  o f  t h e  c o l e o p t i l e  s egm en ts  was
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done w i t h  a  Wightman c u t t e r  (225)  u n d e r  g r e e n  l i g h t .  A f t e r  t h e  c u t t i n g ,  
t h e  segm en ts  were soaked  i n  d i s t i l l e d  w a t e r  f o r  two t o  f i v e  h o u r s  t o  
remove p o s s i b l e  endogenous  g rowth  r e g u l a t o r s .
Each p a p e r  chromatogram was d i v i d e d  i n t o  10 e q u a l  p a r t s  o f  one 
i n c h  c a d i  p l u s  one p a r t  (one i n c h )  away from t h e  s t r e a k e d  o r i g i n  which 
s e r v e d  as  a c o n t r o l .  Chromatogram segm en ts  were l a b e l e d  1 t o  10 w i t h  
1 h a v in g  c l o s e s t  t o  p o i n t  o f  o r i g i n  and 10 b e i n g  f a r t h e s t  f rom p o i n t  o f  
o r i g i n .  These  i n d i v i d u a l  s e g m e n t s ,  i n c l u d i n g  t h e  c o n t r o l  s e g m e n t ,  were 
c u t  o u t  and p l a c e d  i n  i n d i v i d u a l  15 x 15 nun g l a s s  v i a l s  c o n t a i n i n g  one 
ml o f  p h o s p h a t e - c i t r a t e  b u f f e r  w i t h  two p e r c e n t  s u c r o s e  added .  The 
b u f f e r  s o l u t i o n  which had a pH o f  5 . 1 5 ,  c o n t a i n e d  1 .7 9 8  g / l i t e r  K^HEO^ 
and  1 .0 1 9  g / l i t e r  c i t r i c  a c i d  m ono h y d ra t e .
Four  c o l e o p t i l e  s egm en ts  were s e l e c t e d  a t  random and p l a c e d  in  
e a c h  v i a l  f o r  b i o a s s a y .  The v i a l s  c o n t a i n i n g  t h e  c o l e o p t i l e s  were 
a l l o w e d  t o  i n c u b a t e  i n  t h e  d a r k  room a t  20°C f o r  24 h o u r s .  The l e n g t h s  
o f  t h e  c o l e o p t i l e  segm en ts  were  m easu red  u s i n g  a t r a n s p a r e n t  and 
f l e x i b l e  r u l e r .
The a v e r a g e  l e n g t h  o f  t h e  f o u r  c o l e o p t i l e s  i n  ea ch  v i a l  was 
e x p r e s s e d  as  a p e r c e n t a g e  o f  t h e  a v e r a g e  l e n g t h  o f  t h o s e  i n  t h e  c o n t r o l  
v i a l .  V a lues  g r e a t e r  t h a n  100% i n d i c a t e d  t h e  p r e s e n c e  o f  a g rowth  
p r o m o t e r .  V a lues  s m a l l e r  o r  l e s s  t h a n  100% i n d i c a t e d  t h e  a b s e n c e  o f  a 
g rowth  p r o m o t e r  o r  t h e  p r e s e n c e  o f  an i n h i b i t o r .
S t a t i s t i c a l  A n a l y s i s
The d a t a  o b t a i n e d  from t h e  b i o a s s a y s  o f  t h e  e x t r a c t s  f rom t h e  
'S u c c e s s *  pe c a n  shuck  were a n a l y s e d  as  a c o m p l e t e l y  r andom ize d  d e s i g n  
w i t h  a s p l i t  p l o t  a r r a n g e m e n t  o f  t r e a t m e n t s .  The t im e  o f  s a m p l ing
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( f r u i t  s t a g e )  s e r v e d  as  a main p l o t  f a c t o r .  f a e h  t im e  o f  s a m p l in g  
c o n s i s t e d  o f  t h r e e  r e p l i c a t e s  ( f r u i t s ) .  Each r e p l i c a t e  c o n s i s t e d  o f  
m easu rem en t  o f  f o u r  c o l e o p t i l e  s e g m e n t s .  The a c i d - n e u t r a l / b a s i c  
f r a c t i o n  and chrom atogram  s e g m e n t s  (Rf) s e r v e d  a s  s u b p l o t  f a c t o r s .  
B i o a s s a y  means were u s e d  i n  t h e  s t a t i s t i c a l  a n a l y s i s .
S tu d y  I I :  R e g u l a t i o n  o f  Abnormal  Shuck Open ing o f  Pecan
T h i s  s t u d y  was i n i t i a t e d  when an o c c u r r e n c e  o f  t h e  p e c a n  shuck  
d i s e a s e  was o b s e r v e d  on t h e  ' S u c c e s s '  t r e e s , l o c a t e d  a t  Ben Hur farm 
o f  L o u i s i a n a  A g r i c u l t u r a l  E x p e r im e n t  S t a t i o n ,  Baton  Rouge,  L o u i s i a n a .
The p e r i o d  o f  s a m p l i n g  was b e tw e en  8 / 1 7 / 7 5  and 9 / 1 0 / 7 5 .  f r u i t s  on t h e  
'S u c c e s s *  t r e e  were d i v i d e d  i n t o  two c a t e g o r i e s :  h e a l t h y  ( n o n - d i s c a s e d )
and s h u c k - d i s e a s e d  f r u i t s .  Each f r u i t  s e r v e d  as  a s a m p le .  Samples  
were r andom ly  c o l l e c t e d  from e a ch  c a t e g o r y  a t  t h e  same t im e  o f  day (6 :0 0  
pm) so t h a t  t h e r e  was no v a r i a t i o n  o f  endogenous  l e v e l s  o f  hormones due 
t o  t im e  o f  s a m p l in g .
F r u i t s  c o l l e c t e d  were i m m e d i a t e l y  e x t r a c t e d  and t h e  e x t r a c t s  
wei'c b i o a s s a y e d  i n  t h e  same way as  i n  S tu d y  I .
The d a t a  d e r i v e d  from b i o a s s a y s  o f  t h e  ’S u c c e s s '  pe c an  shuck 
e x t r a c t s  were a n a l y s e d  as  a  c o m p l e t e l y  r a n d o m i z e d  d e s i g n  w i t h  a  s p l i t  
p l o t  a r r a n g e m e n t  o f  t r e a t m e n t s .  F r u i t  c a t e g o r y  ( n o n - d i s e a s c d  and shuck 
d i s e a s e d )  s e r v e d  as  a main p l o t  f a c t o r  w h i l e  t h e  a c i d i c - n e u t r a l / b a s i c  
f r a c t i o n  and Rf o f  ch rom ato grams  s e r v e d  a s  s u b p l o t  f a c t o r s .  The main 
p l o t  f a c t o r  c o n s i s t e d  o f  10 r e p l i c a t e s .  Each r e p l i c a t e  c o n s i s t e d  o f  
f o u r  o b s e r v a t i o n s .  B i o a s s a y  means were u s e d  i n  t h e  s t a t i s t i c a l  a n a l y s i s .
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S tu d y  I I I .  E f f e c t s  o f  GA, A l a r ,  ;md T h e i r  C om bina t ions
T h i s  e x p e r i m e n t  i n v o l v e d  t h e  a p p l i c a t i o n  o f  GA, A l a r ,  and  t h e i r  
c o m b i n a t i o n s  t o  t h e  f o l i a g e  and f r u i t s  o f  t h e  15 y e a r - o l d  ' S u c c e s s '  
p e c a n  t r e e s  l o c a t e d  i n  t h e  L i t t l e  Eva P l a n t a t i o n  a t  C hop in ,  L o u i s i a n a .  
F iv e  b r a n d i e s  were r andom ly  s e l e c t e d  from each  t r e e ,  o u t  o f  which f o u r  
b r a n c h e s  r e c e i v e d  t h e  same c h e m ic a l  t r e a t m e n t  w h i l e  t h e  f i f t h  b r a n c h  
s e r v e d  a s  t h e  u n s p r a y e d  c h e ck .  A check  i n  each  t r e e  was n e c e s s a r y  t o  
r e d u c e  v a r i a t i o n  in  t h e  i n c i d e n c e  o f  p e c a n  shuck  d i s e a s e  among t r e e s .  
The t r e e s  were s u b j e c t e d  t o  3 d i f f e r e n t  c o n c e n t r a t i o n s  o f  1 ,0 0 0  ml o f  
GA, 2 d i f f e r e n t  c o n c e n t r a t i o n s  o f  1 ,0 0 0  ml o f  A l a r ,  and 1 ,0 0 0  ml o f  
t h e i r  v a r i o u s  c o m b i n a t i o n s .  One u n s p r a y e d  t r e e  was u s e d  as  a c o n t r o l .  
The c o n c e n t r a t i o n  l e v e l s  o f  GA were 200 ,  350 ,  and 500 ppm. The 
c o n c e n t r a t i o n  l e v e l s  o f  A l a r  were 1 ,000  and 3 ,000  ppm. A 0.3% 
s u r f a c t a n t  was added  t o  t h e  s p r a y  s o l u t i o n s .  The p e r c e n t  o f  pe c an  
shuck  d i s e a s e  and t h e  k e r n e l  y i e l d  were t h e  v a r i a b l e s  m e a s u re d .  Two 
o b s e r v a t i o n s  p e r  b r a n c h  were made f o r  t h e  s c o r e  o f  pe c an  shuck  d i s e a s e .  
T h a t  i s ,  one o b s e r v a t i o n  [80 f r u i t s }  was made on 9 / 2 7 / 7 5  and t h e  o t h e r  
o b s e r v a t i o n  (20 f r u i t s )  was made on 1 0 / 4 / 7 5 .  Two o b s e r v a t i o n s  (20 n u t s  
e a c h )  p e r  b r a n c h  was made on t h e  s c o r e  o f  k e r n e l  y i e l d  in t h e  same day 
( 9 / 2 7 / 7 5 ) .  The mean d a t a  o b t a i n e d  were a n a l y z e d  a s  a r andom ized  b l o c k  
d e s i g n  w i t h  two r e p l i c a t i o n s  ( d a t e s  o f  s p r a y :  7 / 2 6 / 7 5  and 8 / 5 / 7 5 )  by
a n a l y s i s  o f  c o v a r i a n c e .
S tu d y  IV. E f f e c t s  o f  IAA, GA, PBA, and t h e i r  c o m b i n a t i o n s
T h i s  e x p e r i m e n t  i n v o l v e d  t h e  a p p l i c a t i o n  o f  IAA, GA, PBA, and 
t h e i r  c o m b i n a t i o n s  i n  t h e  same manner as  i n  S tu d y  I I I .  The t r e e s  were 
s u b j e c t e d  t o  two d i f f e r e n t  c o n c e n t r a t i o n s  o f  1 , 0 0 0 ml o f  PBA, one
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c o n c e n t r a t i o n  o f  1 ,000  ml o f  GA, one c o n c e n t r a t i o n  o f  1 ,000  ml o f  IAA, 
and 1 ,000  ml o f  ea ch  o f  t h e i r  c o m b i n a t i o n s .  An u n s p r a y e d  t r e e  was 
u s e d  a s  a c o n t r o l .  The c o n c e n t r a t i o n  l e v e l s  f o r  IAA, and GA were 100 
and  500 ppm, r e s p e c t i v e l y .  The c o n c e n t r a t i o n  l e v e l s  f o r  PBA were 200 
and  500 ppm. The c h e m i c a l s  were a p p l i e d  as  s p r a y s  on 8 / 5 / 7 5 .
Two o b s e r v a t i o n s  were made on t h e  s c o r e  o f  pecan  shuck d i s e a s e  
and t h e  s c o r e  o f  k e r n e l  y i e l d  p e r  b r a n c h  as  i n  S tudy  I I I .  The mean 
d a t a  were a n a l y z e d  as  a c o m p l e t e l y  r a n d o m i z e d  d e s i g n  by t h e  a n a l y s i s  
o f  c o v a r i a n c e .
S tu d y  V. E f f e c t s  o f  K i n e t i n ,  and C o m b in a t io n s  o f  K i n e t i n  and A l a r
T h i s  e x p e r i m e n t  i n v o l v e d  t h e  a p p l i c a t i o n  o f  k i n e t i n ,  and t h e  
v a r i o u s  c o m b i n a t i o n s  o f  k i n e t i n  and A l a r  i n  t h e  same manner  as  i n  S tudy
I I I .  The t r e e s  were  s u b j e c t e d  t o  two d i f f e r e n t  c o n c e n t r a t i o n s  o f  1 ,000  
ml o f  k i n e t i n ,  and 1 ,000 ml o f  t h e i r  c o m b i n a t i o n s  w i t h  A l a r  a t  1 ,000  ppm 
and 3 ,0 0 0  ppm. An u n s p r a y e d  t r e e  was used  as  a c o n t r o l .  The c o n c e n ­
t r a t i o n  l e v e l s  f o r  k i n e t i n  were 100 and 400 ppm. The c h e m i c a l s  were 
a p p l i e d  as  s p r a y s  on 8 / 5 / 7 5 .
Two o b s e r v a t i o n s  were made on t h e  s c o r e  o f  pecan  shuck  d i s e a s e  
and t h e  s c o r e  o f  k e r n e l  y i e l d  p e r  b r a n c h  as  i n  S tu d y  I I I .  The mean 
d a t a  were  a n a l y z e d  as  a c o m p l e t e l y  randomized  d e s i g n  by a n a l y s i s  o f  
c o v a r i a n c e .
In S tu d y  I I I ,  IV, and V, f r u i t s  were h a r v e s t e d  i m m e d i a t e l y  a f t e r  
t h e  f i r s t  s c o r e  ( 9 /2 7 /1975}  on t h e  i n c i d e n c e  o f  pe c a n  shuck  d i s e a s e .
T h i s  was done n o t  o n l y  f o r  t h e  e v a l u a t i o n  o f  t h e  e f f e c t s  o f  t h e  g rowth  
s u b s t a n c e s  on t h e  i n c i d e n c e  o f  pe c an  shuck  d i s e a s e  and t h e  k e r n e l  y i e l d ,  
b u t  a l s o  f o r  t h e  e v a l u a t i o n  o f  t h e  c o r r e l a t i o n  b e tw e en  t h e  i n c i d e n c e
p e c a n  shuck d i s e a s e  and k e r n e l  y i e l d .
RESULTS AND DISCUSSION 
l a .  E n d o g e n o u s  Growth P r o m o te r s  and I n h i b i t o r s  i n  Pecan F r u i t s
The l e n g t h s  o f  Avena c o l e o p t i l e  segm en ts  e x p r e s s e d  as  p e r c e n t  
o v e r  t h e  c o n t r o l  were u sed  i n  t h e  s t a t i s t i c a l  a n a l y s i s .  In t h e  a n a l y s i s  
o f  v a r i a n c e  f o r  t h e  e x t r a c t s  o f  p e c a n  f r u i t s ,  cv .  ' S u c c e s s '  i n  b o th  
a c i d i c  and n e u t r a l / b a s i c  f r a c t i o n s ,  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  were 
found among f r u i t  s t a g e s  ( t i m e s  o f  s a m p l i n g ) ,  be tw e en  a c i d i c  and n e u t r a l /  
b a s i c  f r a c t i o n s ,  and among t h e  b i o a s s a y  means o f  t h e  10 Rf v a l u e s .
H i g h l y  s i g n i f i c a n t  d i f f e r e n c e  among f r u i t  s t a g e s  s u g g e s t s  t h a t  t h e  
e x t r a c t s  c o l l e c t e d  from f r u i t  a t  v a r i o u s  s t a g e s  o f  f r u i t  g row th  had 
d i f f e r e n t  g rowth  s u b s t a n c e s  and d i f f e r e n t  c o n c e n t r a t i o n s  o f  t h e s e  
growth  s u b s t a n c e s .  H i g h l y  s i g n i f i c a n t  d i f f e r e n c e  be tw e en  t h e  a c i d i c  
and n e u t r a l / b a s i c  f r a c t i o n s  s u g g e s t s  t h a t  t h e r e  was a d i f f e r e n c e  i n  
t h e  t y p e  o f  growth  s u b s t a n c e s  p r e s e n t  i n  t h e  a c i d i c  and t h e  n e u t r a l /  
b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  (Appendix 1)
The h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  Rf components  s u g g e s t s  
t h e  p r e s e n c e  o f  q u a l i t a t i v e l y  d i f f e r e n t  growth  s u b s t a n c e s  i n  t h e  
e x t r a c t s ,  as  r e p r e s e n t e d  by t h e i r  Rf  v a l u e s ,  o r  a l s o  a  q u a n t i t a t i v e  
d i f f e r e n c e  w i t h i n  a  q u a l i t a t i v e  e n t i t y  c o u ld  be i n v o l v e d  i n  t h e  a c i d i c  
and n e u t r a l / b a s i c  f r a c t i o n s .  H i s to g r a m s  showing g rowth  a c t i v i t i e s  
o b t a i n e d  w i t h  Avena c o l e o p t i l e  s t r a i g h t - g r o w t h  t e s t  o f  t h e  a c i d i c  and 
n e u t r a l / h a s i c  f r a c t i o n s  o f  o t h e r  e x t r a c t s  from t h e  pecan  f r u i t s  a r e  
shown i n  F i g u r e s  1 -24  ( T a b le s  1 and 2)
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For  t h e  i n t e r p r e t a t i o n  o f  g rowth  a c t i v i t i e s  r e g u l a t e d  by g rowth  
s u b s t a n c e s ,  i t  i s  assumed t h a t  a s u b s t a n c e  which  p r o m o t e s  o r  i n h i b i t s  
t h e  growth o f  c o l e o p t i l e s ,  b u t  a p p e a r s  a t  s l i g h t l y  d i f f e r e n t  Rf  on 
d i f f e r e n t  ch ro m a to g ra m s ,  i s  c o n s i d e r e d  b i o l o g i c a l l y  t h e  same s u b s t a n c e .  
T h i s  a s s u m p t io n  i s  r e a s o n a b l y  j u s t i f i e d  i n  v iew o f  t h e  f a c t  t h a t  t h e  Rf 
v a l u e s  o f  known p u r e  s u b s t a n c e s  l i k e  IAA, GA, and  I n d o l e p r o p i o n i c  a c i d  
v a r y  f rom one  chrom atogram t o  a n o t h e r .  I t  i s  f u r t h e r  assumed t h a t  
s u b s t a n c e s  p r o d u c i n g  g rowth  a c t i v i t y  above 1 0 0 % a r e  growtli  p r o m o t e r s ,  
and s u b s t a n c e s  p r o d u c i n g  g rowth  a c t i v i t y  be low o r  l e s s  t h a n  1 0 0 % a r c  
e i t h e r  growth  i n h i b i t o r s  o r  a d e f i c i e n c y  o f  g rowth  s u b s t a n c e s  e x i s t s .
Dur ing  t h e  p e r i o d  from 7 / 1 3 / 7 5  t o  1 0 / 5 / 7 5 ,  t h e r e  were g e n e r a l l y  
t h r e e  zones  o f  p r o m o t io n  d e t e c t e d  on p a p e r  c h rom a togram s  i n  t h e  a c i d i c  
f r a c t i o n  by t h e  b i o l o g i c a l  a s s a y s  ( f i g u r e s  1 - 1 2 ) .  The f i r s t  p r o m o t i n g  
zone a p p e a r e d  a t  Rf  0 . 1 - 0 . 2 .  K e f fo rd  (169)  c a l l e d  t h i s  p r o m o t in g  
s u b s t a n c e  an a c c e l e r a t o r  0t. H c n d c r s h o t t  and Walker  (141) and Loh ( 1 9 8 ) ,  
who r e p o r t e d  t h e  p r e s e n c e  o f  a g rowth  p r o m o t e r  a t  Rf 0 . 1 5  i n  n - b u t a n o l -  
amm onia -water  s o l v e n t ,  t h o u g h t  i t  was i n d o l e p y r u v i c  a c i d  ( IP yA ) .  The 
p r e s e n c e  o f  IPyA a t  t h i s  Rf was f u r t h e r  s u p p o r t e d  by Zwcig and 
W h i t a k e r  ( 3 6 0 ) .
A seco n d  zone o f  p r o m o t io n  was d e t e c t e d  a t  Rf 0 . 3  t o  0 . 4 .  The 
growth  a c t i v i t y  a t  t h i s  Rf was p r o b a b l y  due  to  i n d o l c a c c t i c  a c i d  (IAA). 
The f i n d i n g s  h e r e  a g r e e d  w i t h  t h e  r e s u l t s  o f  i l e n d e r s h o t t  and Walker  
( 1 4 1 ) ,  K e f f o r d  ( 1 6 9 ) ,  and Zwcig and W h i t a k e r  ( 3 6 0 ) ,  who r e p o r t e d  t h a t  
t h e  s u b s t a n c e  a t  Rf  0 . 3 6  was IAA. T h i s  Rf v a l u e  c o r r e s p o n d e d  w i t h  
t h a t  o f  p u r e  i n d o l e - 3 - a c e t i c  a c i d  which c h r o m a to g r a p h e d  i n  t h e  same 
s o l v e n t .
The t h i r d  zone o f  p r o m o t io n  was d e t e c t e d  a t  Rf  0 . 8 - 0 . 9 .  The
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g rowth  s u b s t a n c e  a t  t h i s  Rf  v a l u e  was p r o b a b l y  a g i b b e r e l l i n  (GA) o r  a 
g i b b e r e l l i n - 1 i k e  compound. He idc  (140)  r e p o r t e d  t h a t  g i b b c r e l l i n - l i k e  
s u b s t a n c e s  were d e t e c t e d  a t  t h i s  r a n g e  o f  Rf  v a l u e s .  Pu re  GA^, 
c h r o m a to g r a p h e d  i n  t h e  same s o l v e n t ,  was a t  Rf  0 . 8 5 .  T h i s  Rf v a l u e  was 
h i g h e r  t h a n  t h a t  r e p o r t e d  by Lipe  e t  a l . (196)  a t  Rf 0 . 7  i n  e t h a n o l :  
ammonium h y d r o x i d e : w a t e r  ( 8 0 : 5 : 1 5 )  and a t  Rf 0 . 6  i n  i s o p r o p a n o l :  
ammonium h y d r o x i d e : w a t e r  ( 8 : 1 : 1 ) .
E xc e p t  f o r  t h e  chromatogra in  o b t a i n e d  on 7 / 1 3 / 7 5 ,  a zone o f  
i n h i b i t i o n  was d e t e c t e d  t h r o u g h o u t  t h e  g row ing  s e a s o n  a t  Rf 0 . 5  t o  0 . 7 .  
The s u b s t a n c e  p r e s e n t e d  i n  t h i s  zone was f i r s t  i d e n t i f i e d  as  i n h i b i t o r  
P by B c n n e t - C l a r k  and K e f f o r d  ( 2 8 ) .  L a t e r ,  t h e  s u b s t a n c e  a t  t h i s  Rf 
v a l u e  was i d e n t i f i e d  as  a b s c i s i c  a c i d  by N i t s c h  ( 2 3 9 ) ,  C o r n f o r t h  e t  a l . 
( 6 7 ) ,  and  G azc t  and B lu m en fe ld  ( 1 1 5 ) .  ABA. was a l s o  found  i n  a wide 
r a n g e  o f  p l a n t s  i n c l u d i n g  p o t a t o  s h o o t s  and  t u b e r s ,  p e a r  f r u i t  b u d s ,  
g r a p e  s e e d s ,  a p p l e  l e a v e s  and  p e a c h  s e e d s  (169 ,  269)  and pe c a n  buds  
( 1 9 8 ) .
A n o th e r  zone o f  i n h i b i t i o n  was d e t e c t e d  a t  Rf  1 . 0 .  T i n s  zone 
r o u g h l y  c o r r e s p o n d e d  t o  t h e  zone (Rf 0 . 8 - 0 . 9 )  o c c u p i e d  by t h e  i n h i b i t o r ,  
n a r i n g e n i n  ( 5 , 7 , 4 ' - t r i h y d r o x y  f l a v a n o n e )  i n  t h e  a c i d i c  f r a c t i o n  o f  t h e  
e x t r a c t s  o f  Loh ( 1 9 8 ) .  However ,  l l e n d e r s h o t t  and  Walker  (141)  r e p o r t e d  
t h a t  n a r i n g e n i n  c o u ld  n o t  be  s e p a r a t e d  from sodium b i c a r b o n a t e  s o l u t i o n  
by e t h e r .  T h e r e f o r e ,  i t  was u n l i k e l y  t o  be n a r i n g e n i n .  I t  was named 
h e r e  as  i n h i b i t o r  G f o r  f u t u r e  d i s c u s s i o n .
In a s t u d y  o f  endogenous  g rowth hormones  i n  t h e  r e g u l a t i o n  o f  
p e c a n  f r u i t  s h e d d i n g ,  Lipe  e t  a l .  (196)  f r a c t i o n e d  t h e  f r u i t  e x t r a c t  
o n l y  i n t o  t h e  a c i d i c  f r a c t i o n .  They d i d  n o t  s t u d y  and r e p o r t  on t h e  
n e u t r a l / b a s i c  f r a c t i o n .
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In  t h e  n e u t r a l / b a s i c  f r a c t i o n  ( F i g u r e s  1 3 - 2 4 ) ,  a zone o f  
p r o m o t io n  was d e t e c t e d  a t  Rf 0 .1  t o  0 . 2  and o c c a s s i o n a l l y  e x t e n d e d  i n t o  
Rf  0 . 6  ( F i g u r e s  13, 14, 15,  and 18) a t  t h e  e a r l y  s t a g e s  o f  f r u i t  g ro w th .  
The n a t u r e  o f  t h i s  growth  p r o m o t i n g  s u b s t a n c e  was no t  d e t e r m i n e d .  No 
a t t e m p t  was made t o  i d e n t i f y  t h i s  s u b s t a n c e .  However ,  t h e  g row th  
p r o m o t in g  s u b s t a n c e  found  a t  t h i s  Rf r a n g e  i n  t h e  n e u t r a l / b a s i c  f r a c t i o n  
c o u l d  be due t o  a u x in  c a r r i e d  o v e r  f rom t h e  a c i d i c  f r a c t i o n  i n t o  t h e  
n e u t r a l / b a s i c  f r a c t i o n ,  s i n c e  a u x i n - p r o m o t i n g  g row th  a c t i v i t y  was h i g h  
i n  t h e  e a r l y  s t a g e s  o f  f r u i t  g ro w th .  N e v e r t h e l e s s , more work Is needed  
f o r  t h e  c o n c l u s i v e  i d e n t i f i c a t i o n  o f  t h i s  s u b s t a n c e  p r e s e n t  in  t h e  
n e u t r a l / b a s i c  f r a c t i o n .
A d i s t i n c t  zone o f  i n h i b i t i o n  from Rf 0 .1  t o  0 .9  and  p o s s i b l y  
e x t e n d i n g  to  Rf 1 .0  was o b s e r v e d  t h r o u g h o u t  t h e  g row ing  s e a s o n  from 
8 / 2 / 7 5  t o  t h e  p e r i o d  o f  n a t u r a l  shuck  o p e n i n g  ( F i g u r e s  1 6 - 2 4 ) .  I t s  
peak o f  i n h i b i t i o n  was l o c a t e d  be tw e en  Rf 0 . 4  t o  0 . 8 .  A c c o r d in g  t o  
Loh ( 1 9 8 ) ,  t h i s  zone c o u ld  be  made up o f  p h e n o l i c  s u b s t a n c e s  ( p h e n o l i c  
a c i d s ) .  He e x p l a i n e d  t h a t  i n  t h e  e x t r a c t i o n  p r o c e d u r e ,  t h e  pll o f  t h e  
sodium  b i c a r b o n a t e  s o l u t i o n  u s e d  t o  f r a c t i o n a t e  o r g a n i c  a c i d s  was 8 .15  
( t h e  pH o f  sodium b i c a r b o n a t e  s o l u t i o n  a f t e r  p r e c i p i t a t i o n  o f  t a n n i n s  
w i t h  2 0 % l e a d  s u b a c e t a t e  was 8 . 1 8 ) .  In  t h e  p r e s e n c e  o f  weak a l k a l i ,  
l i k e  sod ium b i c a r b o n a t e ,  s t r o n g  p l a n t  a c i d s  would be f r a c t i o n a t e d  i n t o  
t h e  a c i d i c  f r a c t i o n .  Weaker a c i d s  l i k e  p h e n o l i c  a c i d s  would be 
f r a c t i o n a t e d  i n t o  n e u t r a l / b a s i c  f r a c t i o n s .  These  compounds when d r i e d  
and c r y s t a l l i z e d  had a g o l d e n  y e l l o w  c o l o r .
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T a b l e  1, R e sponses  o f  Avena c o l e o p t i l e s  t o  endogenous  g row th  p r o m o t e r s  and i n h i b i t o r s  i n  t h e  
a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  n o n - d i s e a s e d  shuck  o f  p e c a n  f r u i t  cv.  
S u c c e s s  a t  Rf  v a l u e s  0 . 1 - 1 . 0  from 7 / 1 S / 7 5  t o  1 0 / 5 / 7 5  a t  w eek ly  i n t e r v a l .  (Each 
v a l u e  i s  t h e  a v e r a g e  o f  t h r e e  r e p l i c a t e s )
D a te s  o f  S am p l ing  (1975)
7/13 7/20 7/27 8 / 2 8 / 1 0 8 /1 7 8/23 8 /3 0 9 / 6 9 /1 3 9 / 2 0 10/5
0 . 1 117 104 1 0 2 103 94 105 105 109 106 108 99 96
0 . 2 115 107 103 1 0 2 98 106 1 0 2 1 0 0 95 1 0 1 97 97
0 . 3 1 2 0 104 103 114 1 0 1 104 105 106 97 106 95 97
0 .4 1 1 2 1 0 0 1 0 2 114 1 0 1 105 113 107 1 0 0 109 94 97
0 .5 116 97 97 96 96 97 1 0 0 1 0 0 94 97 8 8 94
0 . 6 116 90 89 96 91 94 92 1 0 0 90 1 0 0 81 90
0 . 7 1 1 0 98 92 98 93 93 90 99 89 99 87 89
0 . 8 108 91 8 8 95 94 105 106 1 0 2 92 94 99 90
0 .9 106 91 91 108 106 97 1 0 1 103 1 0 0 95 87 87
1 . 0 109 96 96 1 0 0 8 6 93 97 99 95 104 85 8 6
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T a b l e  2.  R e sponses  o f  Avena c o l e o p t i l e s  t o  endogenous  g row th  p r o m o t e r s  and i n h i b i t o r s  i n  t h e  
b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  n o n - d i s e a s e d  shuck  o f  p e c a n  f r u i t  cv.  
S u c c e s s  a t  Rf v a l u e s  0 . 1 - 1 . 0  from 7 / 1 3 / 7 5  t o  1 0 / 5 / 7 5  a t  w eek ly  i n t e r v a l .  (Each 
v a l u e  i s  t h e  a v e r a g e  o f  t h r e e  r e p l i c a t e s )
D a te s  o f  S a m p l ing  (1975)
7 /1 3 7 /2 0 7 /2 7 8 / 2 8 / 1 0 8/17 8/23 8 /30 9 / 6 9 /1 3 9 / 2 0 10/5
0 . 1 118 106 1 1 0 90 93 104 99 97 95 89 1 0 0 97
0 . 2 1 1 2 1 0 2 109 8 8 87 8 8 98 97 94 87 91 91
0 . 3 94 99 106 77 83 91 96 98 92 85 91 93
0 .4 117 1 0 0 1 1 0 77 8 6 94 89 96 ' 91 8 6 90 97
0 .5 116 99 1 1 2 65 83 87 81 95 8 8 75 92 94
0 . 6 113 98 95 70 6 6 82 85 94 91 76 82 81
0 .7 1 0 1 1 0 1 93 61 8 8 85 76 78 89 69 77 80
o 00 91 84 96 61 6 6 95 72 8 8 91 73 76 79
0 .9 8 8 84 81 69 73 95 73 79 8 8 74 80 80
1 . 0 96 91 81 99 78 106 92 92 90 8 8 82 95
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F i g u r e  1 . R esponses  o f  Avena c o l e o p t i l e s  t o  endogenous  growth 
p r o m o t e r s  and  i n h i b i t o r s  a t  Rf  v a l u e s  0 - 1 - 1 . 0  i n  t h e  
a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  non-  
d i s e a s e d  shuck  o f  pe c a n  f r u i t ,  cv.  S u c c e s s  sam pled  on 
7 / 1 3 / 7 5 .  (Each h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  o f  
t h r e e  r e p l i c a t e s )
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f i g u r e  2. Responses  o f  Avena c o l e o p t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf  v a l u e s  0 . 1 - 1 , 0  i n  t h e  
a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  non-  
d i s e a s e d  shuck o f  pecan  f r u i t  c v . S u c c e s s  sampled  
on 7 / 2 0 / 7 5 .  (Each h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  
o f  t h e  t h r e e  r e p l i c a t e s )
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F i g u r e  3. R esponses  o f  Avena c o l e o p t i l e s  t o  endogenous  g rowth 
p r o m o t o r s  and  i n h i b i t o r s  a t  Rf v a l u e s  0 . 1 - 1 . 0  i n  t h e  
a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  non-  
d i s e a s e d  shuck  o f  pecan  f r u i t  cv .  S u c c e s s  s ampled  
on 7 / 2 7 / 7 5 .  [Each h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  
o f  t h r e e  r e p l i c a t e s )
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F i g u r e  4.  R esponses  o f  Avena c o l e o p t i l e s  t o  endogenous  g row th  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf v a l u e s  0 . 1 - 1 . 0  i n  t h e  
a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  non-  
d i s e a s e d  shuck  o f  pecan  f r u i t  c v . S u c c e ss  sampled 
on 8 / 2 / 7 5 .  (Each h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  
o f  t h r e e  r e p l i c a t e s )
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F i g u r e  5. R e sponses  o f  Avena c o l e o p t i l e s  t o  endogenous  g row th  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf  v a l u e s  0 . 1 - 1 . 0  i n  t h e  
a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  non-  
d i s e a s e d  shuck  o f  pecan  f r u i t  c v . S u c c e s s  sampled  
on 8 / 1 0 / 7 5 .  (bach  h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  
o f  t h r e e  r e p l i c a t e s )
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F i g u r e  6 . R e sponses  o f  Avena c o l e o p t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf  v a l u e s  0 . 1 - 1 . 0  i n  t h e  
a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  non-  
d i s e a s e d  shuck  o f  pe c a n  f r u i t  c v .  S u c c e s s  sampled  
on 8 / 1 7 / 7 5 .  (Each h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  
o f  t h r e e  r e p l i c a t e s )
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F i g u r e  7 , Responses  o f  Avcna c o l c o p t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf  v a l u e s  0 . 1 - 1 . 0  i n  t h e  
a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  non-  
d i s e a s c d  shuck  o f  pe c an  f r u i t  cv .  S u c c e ss  sampled 
on 8 / 2 3 / 7 5 .  (Ilach h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  
o f  t h r e e  r e p l i c a t e s )
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f i g u r e  8 . R esponses  o f  Avcna c o l c o p t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf v a l u e s  0 . 1 - 1 . 0  i n  t h e  
a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  non­
d i s e a s e d  shuck  o f  pecan  f r u i t  cv .  S u c c e s s  sampled 
on 8 / 3 0 / 7 5 .  ( f a c h  h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  
o f  t h r e e  r e p l i c a t e s )
60
1 2 0 -
1 1 0
of-i+jcoa
o
+->c<uu
<UR.
1 0 0 '
90
80-
70..
0 .1  0 . 2  0 . 3  0 . 4  0 . 5  0 . 6  0 .7  0. 0 -9  1.0
Rf
F i g u r e  9 , R e s p o n s e s  o f  Avena c o l c o p t i l e s  to  endogenous  g rowth 
p r o m o t e r s  and i n h i b i t o r s  a t  Rf v a l u e s  0 . 1 - 1 . 0  i n  
t h e  a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o n - d i s e a s e d  shuck o f  pecan  f r u i t  c v . S u c c e s s  
sampled  on 9 / 6 / 7 5 .  ( f a c h  h i s t o g r a m  r e p r e s e n t s  t h e  
a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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F i g u r e  10, R esponses  o f  Avcna c o l c o p t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf  v a l u e s  0 . 1 - 1 . 0  i n  
t h e  a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o n - d i s e a s e d  shuck o f  pe c a n  f r u i t  cv .  S u c c e s s  
sampled on 9 / 1 3 / 7 5 .  (Each h i s t o g r a m  r e p r e s e n t s  t h e  
a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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f i g u r e  i i .  Responses  o f  Avcna c o l c o p t i l e s  t o  endogenous  g row th  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf  v a l u e s  0 . 1 - 1 . 0  i n  
t h e  a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o ? i - d i s e a s e d  shuck  o f  pecan  f r u i t  cv.  S u c c e ss  
sampled  on 9 / 2 0 / 7 5 .  (Each h i s t o g r a m  r e p r e s e n t s  t h e  
a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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F i g u r e  12- R e sponses  o f  A.vena c o l c o p t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  R f  v a l u e s  0. 1 - 1 . 0  in 
t h e  a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o n - d i s c a s e d  shuck  o f  pecan  f r u i t  cv .  S u c c e s s  
sampled on 1 0 / 5 / 7 5 .  (bach  h i s t o g r a m  r e p r e s e n t s  t h e  
a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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f i g u r e  13. R esponses  o f  Avcna c o l c o p t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  R f  v a l u e s  0 . 1 - 1 . 0  i n  
t h e  b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o n - d i s e a s e d  shuck  o f  pe c an  f r u i t  cv.  S u c c e ss  
sampled  on 7 / 1 3 / 7 5 .  (Each h i s t o g r a m  r e p r e s e n t s  t h e  
a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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f i g u r e  14 .  R e sponse s  o f  Avcna c o l c o p t i l e s  t o  endogenous  growth 
p r o m o t e r s  and i n h i b i t o r s  a t  Rf v a l u e s  0 . 1 - 1 . 0  i n  t h e  
b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  non-  
d i s e a s e d  shuck o f  pe c an  f r u i t  c v . S u c c e s s  sampled  
on 7 / 2 0 / 7 5 .  {Each h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  
o f  t h r e e  r e p l i c a t e s )
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F i g u r e  1 5 . R e sponse s  o f  Avcna c o l c o p t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf v a l u e s  0 . 1 - 1 . 0  i n  
t h e  b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o n - d i s e a s e d  shuck  o f  pe c a n  f r u i t  cv .  S u c c e s s  
sampled  on 7 / 2 7 / 7 5 .  (Each h i s t o g r a m  r e p r e s e n t s  t h e  
a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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F i g u r e  16 .  R e sponses  o f  Avena c o l c o p t i l e s  to  endogenous  g row th  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf  v a l u e s  0 - 1 - 1 . 0  i n  
t h e  b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o n - d i s c a s c d  shuck  o f  pecan  f r u i t  c v . S u c c e s s  
sampled  on 8 / 2 / 7 5 . (hach  h i s t o g r a m  r e p r e s e n t s  t h e  
a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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f i g u r e  17. R esponses  o f  Avcna c o l c o p t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf  v a l u e s  0 . 1 - 1 . 0  in  
t h e  b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o i l - d i s e a s e d  shuck o f  pecan  f r u i t  c v . S u c c e ss  
sampled  on 8 / 1 0 / 7 5 .  (bach  h i s t o g r a m  r e p r e s e n t s  t h e  
a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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F i g u r e  18. R e s p o n s e s  o f  Avena c o l e o p t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf v a l u e s  0 . 1 - 1 . 0  i n  
t h e  b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o n - d i s c a s e d  shuck o f  pe c a n  f r u i t  cv .  S u c c e s s  
sampled  on 8 / 1 7 / 7 5 .  (bach  h i s t o g r a m  r e p r e s e n t s  
t h e  a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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f i g u r e  1 9  . R e sponses  o f  Avena c o l c o p t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf  v a l u e s  0 . 1 - 1 . 0  i n  
t h e  b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o n - d i s e a s e d  shuck  o f  pe c an  f r u i t  cv .  S u c c e s s  
sam pled  on 8 / 2 3 / 7 5 .  (Each h i s t o g r a m  r e p r e s e n t s  
t h e  a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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F i g u r e  20 • R esponses  o f  Avcna c o l c o p t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf v a l u e s  0 . 1 - 1 . 0  i n  
t h e  b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o n - d i s e a s o d  shuck  o f  p e c a n  f r u i t  cv .  S u c c e ss  
sampled  on 8 / 3 0 / 7 5 .  (liach h i s t o g r a m  r e p r e s e n t s  
t h e  a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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f i g u r e  21- R e s p o n s e s  o f  Avcnn c o l c o p t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf v a l u e s  o . 1 - 1 . 0  i n  
t h e  b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o n - d i s e n s e d  shuck  o f  pe c a n  f r u i t  c v . S u c c e s s  
s am p led  on 9 / 6 / 7 5 .  (bach  h i s t o g r a m  r e p r e s e n t s  t h e  
a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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F i g u r e  22. R esponses  o f  Avena c o l c o p t i l e s  t o  endogenous  g row th  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf  v a l u e s  0 . 1 - 1 . 0  i n  
t h e  b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o n - d i s e a s e d  shuck  o f  pecan  f r u i t  cv .  S u c c e s s  
sampled  on 9 / 1 3 / 7 5 .  (liach h i s t o g r a m  r e p r e s e n t s  
t h e  a v e r a g e  o f  t h r e e  r e p l i c a t e s ]
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f i g u r e  23-  R e s p o n s e s  o f  Avena c o l c o p t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf v a l u e s  0 . 1 - 1 . 0  i n  
t h e  b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o n - d i s e a s e d  shuck o f  pe c an  f r u i t  c v .  S u c c e s s  
sampled on 9 / 2 0 / 7 5 .  (Each h i s t o g r a m  r e p r e s e n t s  
t h e  a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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F i g u r e  24. R e sponses  o f  Avena c o l c o p t i l e s  t o  endogenous  g row th  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf  v a l u e s  O . l - l . O  i n  
t h e  b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o n - d i s e n s e d  shuck  o f  pecan  f r u i t  cv.  S u c c e s s  
sampled on 1 0 / 5 / 7 5 .  (bach h i s t o g r a m  r e p r e s e n t s  t h e  
a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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I b . P r o m o t e r / I n h i b i t o r  B a lance  i n  t h e  P.cgu 1 a t i o n  o f  Shuck Opening
In t h e  a n a l y s i s  o f  v a r i a n c e  f o r  t h e  e x t r a c t s  o f  pecan  f r u i t s ,  
cv .  ' S u c c e s s '  i n  b o t h  a c i d i c  and  n e u t r a l / b a s i c  f r a c t i o n s ,  t h e r e  was a 
s i g n i f i c a n t  f r a c t i o n  x f r u i t  s t a g e  i n t e r a c t i o n ,  Rf x f r u i t  s t a g e  
i n t e r a c t i o n ,  and Rf x f r a c t i o n  i n t e r a c t i o n .  The s i g n i f i c a n c e  o f  t h e s e  
i n t e r a c t i o n s  s u g g e s t  t h a t  t h e  d i f f e r e n c e  be tw e en  t h e  a c i d i c  and n e u t r a l /  
b a s i c  f r a c t i o n s  i s  n o t  t h e  s a n e  f o r  t h e  v a r i o u s  s t a g e s  o f  f r u i t  g r o w t h ;  
t h e  d i f f e r e n c e  among Rfs i s  n o t  t h e  s a n e  f o r  t h e  v a r i o u s  s t a g e s  o f  
f r u i t  g rowth ;  and t h e  d i f f e r e n c e  among Rfs i s  n o t  t h e  same f o r  t h e  
a c i d i c  f r a c t i o n  as  f o r  t h e  n e u t r a l / h a s i c  f r a c t i o n .  T h e s e  f u r t h e r  
s u g g e s t  t h a t  t h e r e  was a v a r i a t i o n  i n  t h e  g rowth  s u b s t a n c e s  d u r i n g  t h e  
f r u i t  g row ing  p e r i o d .
F i g u r e s  25 -29 show t h e  f l u c t u a t i o n  i n  q u a n t i t y  o f  f r e e  o r  
p h y s i o l o g i c a l l y  a c t i v e  g rowth  s u b s t a n c e s  from t h e  a c i d i c  f r a c t i o n s  o f  
pecan  f r u i t  e x t r a c t s  t a k e n  a t  week ly  i n t e r v a l s  f rom 7 / 1 3 / 7 5  t o  1 0 / 5 / 7 5 .  
N a t u r a l  shuck  o p e n in g  was o b s e r v e d  on 9 / 2 0 / 7 5  and 1 0 / 5 / 7 5 ,  b u t  t h e  
s h e d d in g  o f  n u t s  had  n o t  o c c u r r e d  a t  t h e s e  t i m e s  ( F i g u r e  3 1 ) .  F i g u r e  
30 shows t h e  f l u c t u a t i o n  i n  q u a n t i t y  o f  f r e e  o r  p h y s i o l o g i c a l l y  a c t i v e  
g rowth  s u b s t a n c e s  from t h e  n e u t r a l / b a s i c  f r a c t i o n s  o f  t h e  p e c a n  f r u i t  
e x t r a c t s .
F i g u r e  31 shows t h e  p o s s i b l e  r e l a t i o n s  o f  1AA, IPyA, ABA, GA, 
and i n h i b i t o r  C. Though t h e  l e v e l s  o f  a u x i n s  (IAA and IPyA) f l u c t u a t e d  
d u r i n g  t h e  f r u i t  g rowth  p e r i o d ,  t h e y  were g e n e r a l l y  p r e s e n t  i n  t h e  
p e c a n  shuck  i n  r e a s o n a b l y  h i g h  l e v e l s  d u r i n g  t h e  g rowth  p e r i o d  o f  
f r u i t s  u n t i l  one week b e f o r e  t h e  o c c u r r e n c e  o f  n a t u r a l  shuck  o p e n i n g .  
Auxins  (IAA and IPyA) d i s a p p e a r e d  a t  t h e  t im e  o f  shuck  o p e n i n g .
GA l e v e l s  i n  t h e  a c i d i c  f r a c t i o n s  o f  e x t r a c t s ,  t o  a  c e r t a i n
e x t e n t ,  d e p e n d e d  on t h e  l e v e l s  o f  a u x i n s  (IAA and IPyA).  I t  was found  
t h a t  GA o r  a g i b b e r e l l i n - l i k e  compound was a b s e n t  f rom 7 / 2 0 / 7 5  to  
7 / 2 7 / 7 5 .  I t  was g e n e r a l l y  known t h a t  GA o r  a g i b b e r e l l i n - l i k e  compound 
p l a y e d  an i m p o r t a n t  r o l e  i n  t h e  f r u i t  d e v e lo p m e n t  d u r i n g  t h e  e a r l y  
s t a g e s  ( 1 7 0 ) .  I t  i s  d i f f i c u l t  t o  e x p l a i n  why t h i s  s u b s t a n c e  was a b s e n t  
s i n c e  i t  a p p e a r s  l o g i c a l  t h a t  i t  s h o u l d  have  been  a t  a h i g h  l e v e l  a t  
t h i s  t i m e .  GA o r  t h e  g i b b e r e l l i n - l i k e  compound t e n d e d  t o  f o l l o w  t h e  
t r e n d  o f  IAA i n  t h a t  an i n c r e a s e  i n  t h e  l e v e l  o f  IAA was f o l l o w e d  by a 
c o r r e s p o n d i n g  i n c r e a s e  i n  GA o r  a g i b b e r e l l i n - l i k e  compound from 8 / 2 / 7 5  
to  9 / 6 / 7 5 .  One s h o u l d  be  c a u t i o u s  i n  p l a c i n g  t o o  much em phas i s  on t h e  
Avena s t r a i g h t - g r o w t h  method f o r  t h e  b i o a s s a y  o f  GA o r  a g i b b e r e l l i n -  
l i k e  compound and  i t s  r e g u l a t o r y  a c t i v i t y ,  s i n c e  t h i s  method i s  m a i n l y  
f o r  a u x i n s  and i n h i b i t o r s  and i s  n o t  t o o  s e n s i t i v e  t o  GA o r  a 
g i b b e r e l l i n - l i k e  compound. Kaufman and .Jones (168)  r e p o r t e d  t h a t  ABA 
was a  p o t e n t  i n h i b i t o r  o f  GA-promoted g row th  in  Avcna s tem s e gm e n ts  a t  
p h y s i o l o g i c a l  c o n c e n t r a t i o n .  A l s o ,  t h e  Rf f o r  GA and  t h e  g i b b e r e l l i n -  
l i k e  compound(s )  in  t h i s  s t u d y  were n e x t  t o  t h a t  o f  ABA on one s i d e  and 
i n h i b i t o r  C on t h e  o t h e r  s i d e .  These  two i n h i b i t i n g  zones  were 
c i r c u m s c r i b i n g  t h e  zone c o n t a i n i n g  GA o r  t h e  g i b b e r e l l i n - l i k e  compound. 
I t  was v e r y  l i k e l y  t h a t  t h e  p r e s e n c e  o f  i n h i b i t o r s  o r  t h e  c a r r y - o v e r  
o f  t h e  i n h i b i t o r s  i n t o  t h e  Rf o f  GA o r  t h e  g i b b e r e l l i n - l i k e  compound i n  
t h e  c h ro m a to g r a m s ,  c o u ld  mask t h e  a c t i o n  o f  GA o r  t h e  g i b b e r e l l i n - l i k e  
compound,  t h u s  p o s s i b l y  a c c o u n t i n g  f o r  t h e  a b s e n c e  o f  GA or  t h e  
g i b b e r e l l i n - l i k e  compound o r  t h e  low l e v e l s  o f  GA a c t i v i t y  d e t e c t e d .
The l e v e l s  o f  i n h i b i t o r s ,  ABA and i n h i b i t o r  C i n  t h e  a c i d i c  
f r a c t i o n s  o f  e x t r a c t s  r em a in e d  h i g h  even  d u r i n g  t h e  pe c an  f i l l i n g  
s t a g e s ,  b u t  r e a c h e d  t h e i r  maximum d u r i n g  t h e  o n s e t  o f  t h e  n a t u r a l  shuck
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o p e n i n g .  However ,  t h e  i n h i b i t i n g  a c t i v i t i e s  o f  ABA and i n h i b i t o r  C 
were n o t  o b s e r v e d  on 7 / 1 3 / 7 5 .  I n s t e a d ,  a zone o f  p r o m o t i o n  was o b s e r v e d .  
I t  i s  t h e r e f o r e  i n  t h i s  d i s c u s s i o n ,  assumed t h a t  f r u i t  s t a g e s  b e f o r e  
7 / 1 3 / 7 5  d i d  n o t  c o n t a i n  ABA and i n h i b i t o r  C in t h e  a c i d i c  f r a c t i o n s  o f  
t h e  e x t r a c t s .
I t  was o b s e r v e d  t o  be  a t r e n d  t h a t  an i n c r e a s e  i n  t h e  l e v e l  o f  
IAA was f o l l o w e d  by a c o r r e s p o n d i n g  d e c r e a s e  i n  t h e  l e v e l  o f  i n h i b i t o r  C, 
and t h a t  an i n c r e a s e  i n  t h e  l e v e l  o f  IPyA was f o l l o w e d  by a c o r r e s p o n d ­
i n g  d e c r e a s e  i n  t h e  l e v e l  o f  ABA. During  t h e  t im e  o f  n a t u r a l  pe c a n  
shuck o p e n i n g ,  t h e  l e v e l s  o f  ABA and i n h i b i t o r  C were maximum. T h i s  
a g r e e d  w i t h  t h e  r e s u l t s  o f  Lipc e t  a l . ( 1 9 6 ) .
I n h i b i t i n g  a c t i v i t y  p o s s i b l y  by p h e n o l i c  a c i d s  f rom t h e  n e u t r a l /  
b a s i c  f r a c t i o n  was h i g h  t h r o u g h o u t  t h e  growing  s e a s o n  w i t h  i t s  maximum 
peak  f rom 8 / 2 / 7 5  t o  8 / 1 0 / 7 5 ,  and seco n d  peak  on 9 / 1 3 / 7 5 .  The l e v e l  of  
p h e n o l i c  a c i d  seemed t o  c o r r e s p o n d  w i t h  IAA a c t i v i t y  f rom 7 / 2 7 / 7 5  t o  
t h e  o n s e t  o f  n a t u r a l  pe c an  shuck o p e n in g  ( 9 / 2 0 / 7 5 )  ( F i g u r e  3 2 ) .  T ha t  
i s ,  an i n c r e a s e  in  IAA a c t i v i t y  was f o l l o w e d  by a c o r r e s p o n d i n g  i n c r e a s e  
i n  i n h i b i t i n g  a c t i v i t y  c a u s e d  by p h e n o l i c  a c i d s .  A c c o r d in g  t o  Leopo ld  
and Kriedemann ( 1 8 5 ) ,  p h e n o l i c  i n h i b i t o r s  m igh t  o c c u r  i n  v e r y  h i g h  
c o n c e n t r a t i o n s  i n  p l a n t s  e i t h e r  a s  a f r e e  p h e n o l i c  a c i d  o r  as  a 
d e r i v a t i v e  such  as  t h e  g l y c o s i d e .  I t s  abundance  i n  p l a n t s  was o n ly  
s eco n d  t o  c a r b o h y d r a t e s  ( 2 5 4 ) .  In  1964,  Z i n s m e i s t e r  and I l u l l m u l l c r  
d e m o n s t r a t e d  t h a t  p h e n o l i c  a c i d s  commonly showed i n h i b i t o r y  e f f e c t s  on 
growth  o n l y  a t  f a i r l y  h i g h  c o n c e n t r a t i o n s  ( 1 8 5 ) .  N i t s c h  and N i t s c h  
(241)  c l a s s i f i e d  p h e n o l i c  a c i d s  i n t o  monophenols  such as  p - c o u m a r i c  
a c i d  and k a c m p f c r o l ,  and o - d i p h e n o l s  such os q u e r c i t i n  and c h l o r o g e n i c  
a c i d .  They a l s o  d e m o n s t r a t e d  t h a t  a monophcnol  was t h e  c o - f a c t o r  f o r
t h e  enzyme,  IAA o x i d a s e ,  t h a t  c a t a l y s e d  t h e  o x i d a t i o n  o f  IAA. An 
o - d i p h c n o l  was an i n h i b i t o r  o f  IAA o x i d a s e ,  t h u s  b r i n g i n g  a b o u t  an 
enhancem en t  o f  g rowth  i n  an a u x i n  s y s t e m .  Reviewed e v i d e n c e  and  d a t a  
o b t a i n e d ,  seemed t o  i n d i c a t e  t h a t  p h e n o l i c  a c i d s  ( p h e n o l i c  i n h i b i t o r s )  
p r e s e n t  i n  t h e  n e u t r a l / b a s i c  f r a c t i o n  o f  t h e  e x t r a c t s  were o - d i p h e n o l s .
The a s s e r t i o n  o f  t h e  p r e s e n c e  o f  o - d i p h e n o l s  i n  t h e  n e u t r a l / b a s i c  
f r a c t i o n  i s  d e m o n s t r a t e d  i n  F i g u r e  32 t h a t  t h e  g row th  a c t i v i t y  i n d u c e d  
by IAA c o r r e s p o n d e d  w i t h  t h e  i n c r e a s e d  i n h i b i t i n g  a c t i v i t y  i n d u c e d  by 
t h e  p h e n o l i c  a c i d s .  No a t t e m p t  was made t o  i d e n t i f y  t h e s e  p h e n o l i c  
a c i d s .
D a ta  o b t a i n e d  f rom b i o a s s a y s  seemed t o  r e v e a l  t h a t  n a t u r a l  p e c a n  
shuck  o p e n i n g  o f  ' S u c c e s s '  was g o v e r n e d  by t h e  l e v e l s  o f  endogenous  
g rowth  p r o m o t e r s  and  i n h i b i t o r s  p r e s e n t  i n  t h e  s h u c k .  Shuck o p e n in g  
was o b s e r v e d  a t  t h e  t im e  when t h e r e  was no a u x i n - r e g u l a t e d  a c t i v i t y ,  no 
g rowth  a c t i v i t y  r e g u l a t e d  by GA o r  t h e  g i b b e r e l l i n - l i k e  compound,  and 
w i t h  a maximum i n h i b i t i n g  a c t i v i t y  by ABA and i n h i b i t o r  C.
Could  i t  be  t h a t  n a t u r a l  p e c a n  shuck  o p e n in g  was r e g u l a t e d  by 
ABA a l o n e  o r  w i t h  some o t h e r  f a c t o r s ?  I t  h a s  been  n o t e d  t h a t  t h e  
t r e a t m e n t  o f  100 ppm a b s c i s i c  a c i d  o f  i n t a c t  p e c a n  f r u i t s  o f  v a r i o u s  
v a r i e t i e s  by d i p p i n g  on August  20 ,  1974,  had no e f f e c t  on p r e m a t u r e  
p e c a n  shuck  o p e n in g  ( u n p u b l i s h e d  d a t a ) .  These  o b s e r v a t i o n s  i n d i c a t e d  
t h a t  ABA was no t  t h e  s o l e  shuck  o p e n in g  r e g u l a t o r .  I f  i t  was s o ,  i t s  
p h y s i o l o g i c a l  a c t i o n  must be accompanied  by f a v o r a b l e  c o n d i t i o n s  t h a t  
were c o n d u c iv e  f o r  i t  t o  do s o .  Such c o n d i t i o n s  c o u ld  be t h e  p h y s i o ­
l o g i c a l  age o f  t h e  f r u i t s ,  d i s a p p e a r a n c e  o f  g row th  p r o m o t in g  s u b s t a n c e s  
such  as  IAA, lRyA, GA o r  a g i b b e r e l l i n - l i k e  compound,  a n d / o r  even 
c y t o k i n i n  i n  t h e  shuck .
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Based on t h e  b i o a s s a y  means ,  t h e  l e v e l s  o f  a u x i n s  (IpyA and  IAA) 
were n e g a t i v e l y  c o r r e l a t e d  w i t h  t h a t  o f  i n h i b i t o r s  (ABA and i n h i b i t o r  C) 
i n  t h e  a c i d i c  f r a c t i o n  o f  e t h e r  e x t r a c t s .  An i n c r e a s e  i n  a u x i n  l e v e l s  
( IPyA and IAA) was f o l l o w e d  by a c o r r e s p o n d i n g  d e c r e a s e  i n  i n h i b i t o r s  
(ABA and i n h i b i t o r  C ) . I t  a p p e a r e d  t h a t  a u x i n s  (IPyA and IAA) and 
i n h i b i t o r s  (ABA and i n h i b i t o r  C) i n  t h e  a c i d i c  f r a c t i o n ,  a c t e d  
c o m p e t i t i v e l y  f o r  a  p h y s i o l o g i c a l  s i t e .
R e g a r d l e s s  o f  t h e  number o f  i n h i b i t o r s  p r e s e n t  i n  b o t h  t h e  a c i d i c  
and n e u t r a l / b a s i c  f r a c t i o n s  o f  e x t r a c t s ,  i t  was shown t h a t  as  long  as 
g row th  p r o m o t i n g  s u b s t a n c e  was p r e s e n t  i n  t h e  s h u c k ,  w h e t h e r  i t  be  
a u x i n ,  GA o r  a g i b b e r e l l i n - l i k e  compound, no n a t u r a l  shuck  o p e n in g  was 
o b s e r v e d  two weeks b e f o r e  t h e  o c c u r r e n c e  o f  n a t u r a l  shuck  o p e n i n g .  I t  
was t h o u g h t  t h a t  t h e  g row th  p r o m o t e r s  i n  t h e  shuck  f u n c t i o n e d  as  a 
j u v e n i l e  f a c t o r  i n  d e l a y i n g  t h e  s e n e s c e n c e  o f  s h u c k s .
R e s u l t s  a l s o  i n d i c a t e d  t h a t  a u x i n s  s u p p r e s s e d  t h e  a c i d i c  
i n h i b i t o r s  i n  t h e  r e g u l a t i o n  o f  n a t u r a l  shuck o p e n i n g .  T h i s  s u g g e s t i o n  
was s u p p o r t e d  by t h e  r e s u l t s  o f  Wareing and P h i l l i p s  (332)  who r e p o r t e d  
t h a t  t h e  p r o m o t io n  o f  a b s c i s s i o n  by ABA c o u l d  be a n t a g o n i z e d  by IAA.
GA was a l s o  known t o  a n t a g o n i z e  t h e  e f f e c t  o f  ABA ( 1 1 1 ) .
N a t u r a l  shuck  o p e n in g  c o u l d  a l s o  be p o s s i b l y  due t o  t h e  
d i s a p p e a r a n c e  o f  GA o r  a g i b b e r e l l i n - l i k e  compound c a u s i n g  a r e l a t i v e l y  
q u i c k  s h i f t  o f  hormona l  b a l a n c e  i n  f a v o r  o f  t h e  h i g h  a u x in  l e v e l  
( 9 / 1 3 / 7 3 ;  one week b e f o r e  t h e  n a t u r a l  shuck o p e n in g )  which induce d  
e t h y l e n e  p r o d u c t i o n  t h a t  c a u s e d  shuck  o p e n i n g  (192 ,  194) .
When a s u f f i c i e n t  amount  o f  e t h y l e n e  had b u i l t  up i n  t h e  
i n t e r n a l  a tm o s p h e re  o f  t h e  s e e d  ( k e r n e l ) ,  i t  p o s s i b l y  e s c a p e d  t h r o u g h  
t h e  a i r  s p a c e s  i n  t h e  s h e l l  l a y e r s .  The endogenous  e t h y l e n e ,  i n  r e t u r n ,
r e g u l a t e d  t h e  s y n t h e s i s  o f  s p e c i f i c  niRNA and a p p r o p r i a t e  com plem en ta ry  
t r a n s f e r  and r i b o s o m a l  RNA (5 ,  6] t h a t  were p o s s i b l y  s p e c i f i c  f o r  t h e  
s y n t h e s i s  o f  IAA o x i d a s e  o r  p e r o x i d a s e  which c a t a l y s e d  t h e  o x i d a t i o n  
o f  IAA (324 ,  2 2 9 ) .  Under  normal  c o n d i t i o n ,  e t h y l e n e  i s  a l s o  p r o d u c e d  
by r i p e n i n g  f r u i t s  ( 4 1 ) .  I i t h y l c n e - i n d u c e d  p e r o x i d a s e  a c t i v i t y  ha s  b e e n  
r e p o r t e d  by many w o r k e r s  (144 ,  287 ,  3 2 4 ) .  Then ,  t h e  p h y s i o l o g i c a l  age 
o f  t h e  f r u i t  accom panied  by t h e  d e s t r u c t i o n  o f  IAA f a v o r e d  ABA which 
was p h y s i o l o g i c a l l y  a c t i v e  i n  r e g u l a t i n g  t h e  s y n t h e s i s  o f  c e l l u l a s e  i n  
t h e  a b s c i s s i o n  zone be tw een  t h e  s e e d  and t h e  s h u c k ,  and i n  t h e  s u t u r e s  
o f  t h e  shuck .
Shuck o p e n in g  ( d e h i s c e n c e )  c o u l d  n o t  be  i n d u c e d  a s  e a r l y  as  one 
month b e f o r e  normal  shuck  d e h i s c e n c e  e ven  by t r e a t i n g  w i t h  a h i g h  
c o n c e n t r a t i o n  o f  e t h y l e n e  ( 1 ,0 0 0  u l / l i t c r  o f  a i r ) .  However , a f t e r  t h i s  
p e r i o d ,  exogenous  e t h y l e n e  a t  t h e  r a t e  o f  a s  l i t t l e  as  0 .1  u l / l i t e r  o f  
a i r  was o b s e r v e d  t o  h a s t e n  shuck d e h i s c e n c e  (192 ,  1 9 4 ) .
ABA h a s  b e e n  r e p o r t e d  t o  have  no a p p a r e n t  e f f e c t  on a b s c i s s i o n  
( 1 3 4 ) .  On t h e  o t h e r  ha nd ,  ABA was r e p o r t e d  t o  p rom ote  a b s c i s s i o n  (79 ,  
332)  and s e n e s c e n c e  i n  a v a r i e t y  o f  p l a n t  s p e c i e s  ( 2 0 ) .
I t  h a s  a l s o  b e e n  shown i n  t h i s  s t u d y  t h a t  q u a n t i t a t i v e  a n d / o r  
q u a l i t a t i v e  c h a n g e s  i n  endogenous  g rowth  r e g u l a t o r s  o c c u r  d u r i n g  t h e  
d e v e lo p m e n t  o f  p e c a n  f r u i t s .  The d a t a  f rom such  i n v e s t i g a t i o n s  were 
complex and do n o t  a l l o w  v e r y  d e f i n i t e  c o n c l u s i o n s  r e g a r d i n g  c a u s a l  
r e l a t i o n s  o f  endogenous  l e v e l s  o f  g row th  p r o m o t e r s  and i n h i b i t o r s  t o  
t h e  n a t u r a l  shuck o p e n in g  o f  p e c a n .  However ,  t h e  e x p e r i m e n t a l  e v i d e n c e  
i s  so much i n  f a v o r  o f  t h e  h y p o t h e s i s  t h a t  t h e  b a l a n c e  o f  endogenous  
g rowth  hormones p l a y s  a  key  r o l e  i n  t h e  r e g u l a t i o n  o f  n a t u r a l  shuck  
o p e n in g  o r  d e h i s c e n c e .
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I t  c o u l d  g e n e r a l l y  be c o n c l u d e d  t h a t  n a t u r a l  shuck  o p e n i n g  i n  
pe c an  i s  g o v e rn e d  f i r s t  by t h e  d i s a p p e a r a n c e  o f  GA o r  a g i b b e r e l l i n -  
l i k e  compound and t h e n  f o l l o w e d  by t h e  d i s a p p e a r a n c e  o f  a u x i n  i n  t h e  
shuck .  With t h e  d i s a p p e a r a n c e  o f  GA o r  a g i b b e r e l l i n - l i k e  compound,  
h i g h  a u x i n  l e v e l s  a r e  a b l e  t o  i n d u c e  e t h y l e n e  p r o d u c t i o n  a p p r o x i m a t e l y  
one  week b e f o r e  shuck  o p e n i n g  a t  t h e  s i t e  ( k e r n e l )  away from t l i e  h ig h  
a u x i n  a c t i v i t y  r e g i o n  ( s h u c k ) . Shucks  r e c e i v e d  e t h y l e n e  p r o d u c e d  in  
t h e  k e r n e l  as  a m essege  f o r  d e h i s c e n c e  ( 1 9 5 ) .  When e t h y l e n e  had b u i l t  
up i n  t h e  s e e d ,  a p o s s i b l e  g r a d i e n t  e x i s t e d  be tw een  t h e  s e ed  and t h e  
sh u c k .  E t h y l e n e  e s c a p e d  from t h e  s e e d  ( k e r n e l )  t h r o u g h  t h e  a i r  s p a c e s  
i n  t h e  s h e l l  l a y e r s  ( s e e d  c o a t ) .  T h i s  endogenous  e t h y l e n e  r e g u l a t e d  
t h e  s y n t h e s i s  o f  s p e c i f i c  mRNA, a p p r o p r i a t e  c om plem en ta ry  t r a n f e r  and 
r i b o s o m a l  RNA (5 ,  6)  t h a t  a r e  p o s s i b l y  s p e c i f i c  f o r  t h e  s y n t h e s i s  o f  IAA 
o x i d a s e  o r  p e r o x i d a s e  t h a t  o x i d i z e d  IAA i n  t h e  sh u c k .  The d e s t r u c t i o n  o f  
IAA by IAA o x i d a s e  o r  p e r o x i d a s e  ( d i s a p p e a r a n c e  o f  IAA) changed  t h e  
hormona l  b a l a n c e  i n  f a v o r  o f  ABA making i t  p h y s i o l o g i c a l l y  a c t i v e  i n  
r e g u l a t i n g  shuck  o p e n in g  by r e g u l a t i n g  t h e  s y n t h e s i s  o f  c e l l u l a s e  (151 ) .  
T h i s  enzyme,  c e l l u l a s e ,  was t h e n  r e s p o n s i b l e  f o r  t h e  d i s s o l u t i o n  o f  
c e l l s  (151)  i n  t h e  a b s c i s s i o n  zone be tw een  t h e  s e ed  and  t h e  s h u c k ,  and 
i n  t h e  s u t u r e s  o f  t h e  s h u c k ,  p a r t i c u l a r l y  a t  t h e  apex  end o f  t h e  f r u i t .
S i n c e  t h e  n a t u r e  o f  i n h i b i t o r  C i s  n o t  known, t h e  r o l e  o f  t h i s  
i n h i b i t o r  i n  t h e  r e g u l a t i o n  o f  n a t u r a l  shuck  o p e n in g  i s  n o t  d i s c u s s e d  
h e r e .  P o s s i b l y ,  i t  worked t o g e t h e r  w i th  ABA i n  t h e  r e g u l a t i o n  o f  
n a t u r a l  shuck o p e n in g  o r  d c h i s o u r c e .
T h i s  e x p e r i m e n t  i s  o n l y  a  p r e l i m i n a r y  i n v e s t i g a t i o n  o f  n a t u r a l  
shuck  d e h i s c e n c e  r e g u l a t e d  by endogenous  g row th  ho rmones and s h o u l d  be 
s u b j e c t e d  t o  f u r t h e r  i n v e s t i g a t i o n s  t o  v e r i f y  t h e  s a i d  h y p o t h e s i s .
T a b l e  3.  R e sponses  o f  Avena c o l e o p t i l e s  t o  endogenous  IPyA, IAA, ABA, GA o r  g i b b e r e l l i n - l i k e  
compound, and  i n h i b i t o r  C i n  t h e  a c i d i c  f r a c t i o n ,  and endogenous  p h e n o l i c  a c i d s  i n  
t h e  n e u t r a l / b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  n o n - d i s e a s e d  shuck  o f  p e c a n  
f r u i t  cv .  S u c c e ss  f rom 7 / 1 3 / 7 S  t o  1 0 / 5 / 7 5  a t  w e e k ly  i n t e r v a l ,  [Each v a l u e  i s  t h e  
a v e r a g e  o f  t h r e e  r e p l i c a t e s )
D a te s  o f  Sampl ing (1975)
P o s s i b l e
compounds
Rf
v a l u e s 7 /13 7 /2 0 7 /27 8 /2 8 / 1 0 8 /1 7 8 /2 3 8 /3 0 9 / 6 9 /1 3 9 /2 0 10/
IPyA o1rHo ,2 116 106 103 103 96 106 104 105 101 105 98 97
IAA o1too .4 116 102 103 114 101 105 109 107 99 108 95 97
ABA 0 . 5 - 0 , ,1 114 95 93 97 93 95 94 100 91 99 85 91
GA 0 00 1 o ,9 107 91 90 102 100 100 104 103 96 95 93 89
I n h i b i t o r  C 1 .0 109 96 96 100 86 93 97 99 95 104 85 86
P h e n o l i c  a c i d s a l l 105 98 99 76 80 93 86 91 91 s o 86 89
Rf
* P h e n o l i c  a c i d s - - t h e s e  compounds were p r e s e n t  i n  t h e  n e u t r a l / b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s
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F i g u r e  25, The s e a s o n a l  f l u c t u a t i o n  i n  q u a n t i t y  o f  IPyA i n  t h e  
a c i d i c  f r a c t i o n  o f  ch rom a togram s  d e v e lo p e d  in  
n-butanol-NH^OII-I i  0 ( 1 0 : 1 : 1 ,  v / v / v )  s o l v e n t .  (Fach 
p o i n t  r e p r e s e n t s  t h e  a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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F i g u r e  26. The s e a s o n a l  f l u c t u a t i o n  i n  q u a n t i t y  o f  IAA in  t h e  a c i d i c  
f r a c t i o n  o f  ch rom a togram s  d e v e lo p e d  i n  n - b u t a n o 1-NH^OII-H^O 
( 1 0 : 1 : 1 ,  v / v / v )  s o l v e n t .  (bach p o i n t  r e p r e s e n t s  t h e  
a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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F i g u r e  27. The s e a s o n a l  f l u c t u a t i o n  in  q u a n t i t y  o f  GA o r  g i b b c r e l 1 i n ­
l i k e  compound i n  t h e  a c i d i c  f r a c t i o n  o f  c h rom a togram s  
d e v e l o p e d  in  n -butano l-NII^OH-I^O ( 1 0 : 1 : 1 ,  v / v / v ') s o l v e n t .  
(Each p o i n t  r e p r e s e n t s  t h e  a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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F i g u r e  28. The s e a s o n a l  f l u c t u a t i o n  in q u a n t i t y  o f  ABA in  t h e  a c i d i c  
f r a c t i o n  o f  ch rom atograms  d e v e lo p e d  in  n - b u tn n o l -N H  OII-H^O 
( 1 0 : 1 : 1 ,  v / v / v )  s o l v e n t .  (llacli p o i n t  r e p r e s e n t s  t h e  
a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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F i g u r e  29. The s e a s o n a l  f l u c t u a t i o n  i n  q u a n t i t y  o f  i n h i b i t o r  C i n  
t h e  a c i d i c  f r a c t i o n  o f  ch rom a togram s  d e v e l o p e d  i n  
n -bu tano l-N ll^Oil- ILO { 1 0 : 1 : 1 ,  v / v / v )  s o l v e n t .  (bach 
p o i n t  r e p r e s e n t s  t h e  a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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F i g u r e  30.  The s e a s o n a l  f l u c t u a t i o n  i n  q u a n t i t y  o f  p h e n o l i c  a c i d s
i n  t h e  n e u t r a l / b a s i c  f r a c t i o n  o f  c h rom a tog ram s  d e v e l o p e d  
in  n-butanol-NU^OII- l^O ( 1 0 : 1 : 1 ,  v / v / v )  s o l v e n t .  (bach 
p o i n t  r e p r e s e n t s  t h e  a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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E’i g u r e  31. The s e a s o n a l  f l u c t u a t i o n  in q u a n t i t i e s  o f  IPvA, LAA, GA 
or  g i b b e r e l l i n - l i k e  compound,  i n h i b i t o r  C, and ABA i n  
t h e  a c i d i c  f r a c t i o n  o f  ch rom atograms  d e v e lo p e d  in  
n-butanol-NH^Oll-H O ( l o : l : l ,  v / v / v )  s o l v e n t .  (Each 
p o i n t  r e p r e s e n t s  t h e  a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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F i g u r e  32.  The s e a s o n a l  f l u c t u a t i o n  in q u a n t i t y  o f  IAA in  t h e  a c i d i c  
f r a c t i o n  a s  r e l a t e d  t o  p h e n o l i c  a c i d s  in t h e  n e u t r a l / b a s i c  
f r a c t i o n  o f  ch rom a togram s  d e v e l o p e d  in  n-butanol-NllqOH-Il^O 
[ 1 0 : 1 : 1 ,  v / v / v )  s o l v e n t .  (Fach p o i n t  r e p r e s e n t s  t h e  
a v e r a g e  o f  t h r e e  r e p l i c a t e s )
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Study  I I .  R e g u l a t i o n  o f  Abnormal Shuck Open ing  o f  r e c a n
T h i s  e x p e r i m e n t  was c o n d u c te d  t o  d e t e r m i n e  t h e  r e l a t i o n s h i p  
be tw een  t h e  endogenous  g rowth  s u b s t a n c e s  p r e s e n t  i n  t h e  s h u c k s  and t h e  
r e g u l a t i o n  o f  abnormal  shuck  o p e n in g  (pec a n  shuck  d i s e a s e ) .
C om pari sons  o f  g rowth  s u b s t a n c e s  were  made be tw een  h e a l t h y  and s h u c k -  
d i s e a s e d  f r u i t s .
Growth s u b s t a n c e s  p r e s e n t  i n  t h e  shu c k s  o f  h e a l t h y  and s h u c k -  
d i s e a s e d  f r u i t s  were  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  s e p a r a t e l y  as  i n  
S tu d y  I .  Dur ing  t h e  p e r i o d  o f  s t u d y  two d i f f e r e n t  t y p e s  o f  p a p e r  
ch rom atograms  i n  t h e  a c i d i c  f r a c t i o n ,  d e v e l o p e d  i n  n -bu ta no l -am m onium  
h y d r o x i d e - w a t e r  ( 1 0 : 1 : 1 ,  v / v / v )  s l o v e n t ,  were  o b s e r v e d :  one  showed no
c o l o r a t i o n  a t  Rf 0 . 3 - 0 . 4  i n  t h e  a c i d i c  f r a c t i o n ,  and  t h e  o t h e r  showed 
p i n k i s h  r e d  c o l o r a t i o n  a t  Rf 0 . 3 - 0 . 4  i n  t h e  a c i d i c  f r a c t i o n  ( P l a t e  I ) .  
T h e r e f o r e ,  two s i t u a t i o n s  were u sed  t o  d i s c u s s  t h e  p o s s i b l e  r o l e  o f  
endogenous  g rowth  s u b s t a n c e s  i n  t h e  r e g u l a t i o n  o f  abnormal  shuck 
o p e n i n g .
S i t u a t i o n  1. Chromatograms from s h u c k - d i s e a s e d  f r u i t s  showing no 
c o l o r a t i o n  a t  Rf 0 . 3 - 0 . 4  i n  t h e  a c i d i c  f r a c t i o n
The l e n g t h s  o f  Avena c o l e o p t i l e  s e gm e n ts  e x p r e s s e d  a s  a  p e r c e n t  
o v e r  t h e  c o n t r o l  were  u s e d  i n  t h e  s t a t i s t i c a l  a n a l y s i s .  In  t h e  
a n a l y s i s  o f  v a r i a n c e  f o r  t h e  e x t r a c t s  o f  h e a l t h y  and s h u c k - d i s e a s e d  
p e c a n  f r u i t s ,  c u l t i v a r  ' S u c c e s s ' ,  i n  b o t h  a c i d i c  and n e u t r a l / b a s i c  
f r a c t i o n s ,  t h e r e  were h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  ;miong R f s ,  and 
be tw e en  a c i d i c  and n e u t r a l / b a s i c  f r a c t i o n s .  T h e re  was a s i g n i f i c a n t  
Rf  x f r a c t i o n  i n t e r a c t i o n ,  and f r a c t i o n  x f r u i t  t y p e  i n t e r a c t i o n .
However ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  be tw een  t h e  h e a l t h y  and 
s h u c k - d i s e a s e d  f r u i t s  (Append ix  2 ) .
These  c o u l d  be  i n t e r p r e t e d  t o  mean t h a t  t h e r e  was a d i f f e r e n c e  be tw een  
t h e  a c i d i c  f r a c t i o n  and n e u t r a l / b a s i c  f r a c t i o n  w i t h i n  f r u i t  t y p e .  The 
d i f f e r e n c e  b e tw e en  a c i d i c  and n e u t r a l / b a s i c  f r a c t i o n s  i s  n o t  t h e  same 
f o r  f r u i t  t y p e  ( h e a l t h y  and s h u c k - d i s e a s e d ) . Q u a l i t a t i v e l y  d i f f e r e n t  
g rowth  s u b s t a n c e s  i n  t h e  e x t r a c t s ,  a s  r e p r e s e n t e d  by t h e i r  Rf  v a l u e s ,  
as  w e l l  as  p o s s i b l y  q u a n t i t a t i v e  d i f f e r e n c e s  w i t h i n  a  q u a l i t a t i v e  
e n t i t y  were p r e s e n t  i n  t h e  a c i d i c  and n e u t r a l / b a s i c  f r a c t i o n s .  T h e re  
was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  g row th  a c t i v i t y  r e g u l a t e d  by 
growth  s u b s t a n c e s  be tw e en  t h e  h e a l t h y  and s h u c k - d i s c a s c d  f r u i t s .
For  t h e  i n t e r p r e t a t i o n  o f  g rowth  a c t i v i t y  r e g u l a t e d  by growth  
s u b s t a n c e s ,  t h e  a s s u m p t i o n s  made i n  S t u d y  I a p p l i e d  e q u a l l y  h e r e .  I t  
i s  f u r t h e r  assumed  t h a t  t h e  g rowth  s u b s t a n c e s  a t  t h e i r  r e s p e c t i v e  Rf 
i d e n t i c a l  t o  t h o s e  d e s c r i b e d  i n  S tu d y  I a r e  t h e  same compounds. 
H i s to g r a m s  showing g row th  a c t i v i t y  o b t a i n e d  w i t h  Avena c o l e o p t i l e  
s t r a i g h t - g r o w t h  t e s t  o f  t h e  a c i d i c  and n e u t r a l / b a s i c  f r a c t i o n s  o f  e t h e r  
e x t r a c t s  f rom shu c k s  o f  h e a l t h y  and s h u c k - d i s e a s e d  f r u i t s  a r c  shown in  
F i g u r e s  33 and 34 (T a b le  4 ) .
Though t h e r e  was no d i f f e r e n c e  i n  t h e  g rowth  a c t i v i t y  r e g u l a t e d  
by endogenous  growth  s u b s t a n c e s  be tw een  t h e  h e a l t h y  and s h u c k - d i s e a s e d  
f r u i t s  i n  t h e  s t a t i s t i c a l  a n a l y s i s ,  t h e r e  were d i f f e r e n c e s  o b s e r v e d  a t  
Rf  0 . 1 - 0 . 2 ,  Rf  0 . 3 - 0 . 4 ,  Rf  0 . 5 - 0 . 7 ,  and Rf 0 . 8 - 0 . 9  in  t h e  a c i d i c  
f r a c t i o n .  No d i f f e r e n c e  was o b s e r v e d  a t  Rf  1 . 0  i n  t h e  a c i d i c  f r a c t i o n .  
T h e r e  was a d i f f e r e n c e  i n  t h e  l e v e l s  o f  p h e n o l i c  a c i d  p a r t i c u l a r l y  a t  
Rf 0 . 5 - 0 . 7  i n  t h e  n e u t r a l / b a s i c  f r a c t i o n  (T a b le  5 and F i g u r e  35 ) .
R e g a r d l e s s  o f  f r u i t  t y p e  ( h e a l t h y  and s h u c k - d i s e a s e d  f r u i t s ) ,  
i n c r e a s e d  g row th  p r o m o t i n g  a c t i v i t y  by a u x in  (IPyA and  IAA) was 
a s s o c i a t e d  w i t h  t h e  low g rowth  i n h i b i t i n g  a c t i v i t y  by ABA and h ig h
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i n h i b i t i n g  a c t i v i t y  by p h e n o l i c  a c i d s .  I n h i b i t o r  C was p r e s e n t  in  
e q u a l  amounts  i n  t h e  e x t r a c t s  o f  b o t h  h e a l t h y  and s h u c k - d i s c a s c d  f r u i t s .  
These  r e s u l t s  s u g g e s t e d  t h a t  p h e n o l i c  a c i d s  p o s s i b l y  s e r v e d  as  an 
i n h i b i t o r  o f  IAA o x i d a s e  (241) , t h u s  r e s u l t i n g  i n  a h i g h  l e v e l  o f  IAA 
as  w e l l  as  IPyA. Auxins  (IPyA and IAA) and  ABA r e a c t e d  c o m p e t i t i v e l y  
f o r  a p h y s i o l o g i c a l l y  a c t i v e  s i t e  in  t h e  shuck  s y s te m .  T h i s  was 
s u p p o r t e d  by o b s e r v a t i o n s  t h a t  an i n c r e a s e  i n  t h e  l e v e l  o f  a u x i n s  was 
f o l l o w e d  by a c o r r e s p o n d i n g  d e c r e a s e  i n  t h e  l e v e l  o f  AI1A, and v i c e  
v e r s a .
I t  was n o t e d  t h a t  h e a l t h y  f r u i t  c o n t a i n e d  h i g h e r  l e v e l s  o f  a u x in s  
and p h e n o l i c  a c i d s ,  and a l ow e r  l e v e l  o f  ABA as compared t o  t h a t  o f  
s h u c k - d i s e a s e d  f r u i t .
Growth a c t i v i t y  r e g u l a t e d  by GA o r  a g i b b e r e l l i n - l i k e  compound 
was o b s e r v e d  i n  t h e  a c i d i c  f r a c t i o n  o f  e x t r a c t s  o f  h e a l t h y  f r u i t s ,  b u t  
was n o t  o b s e r v e d  i n  t h e  a c i d i c  f r a c t i o n  o f  t h e  e x t r a c t s  o f  s h u c k -  
d i s e a s e d  f r u i t s .  T h i s  was t h e  o n l y  d i s t i n c t i v e  d i f f e r e n c e  be tw e en  t h e  
h e a l t h y  and s h u c k - d i s e a s e d  f r u i t s .  R e s u l t s  seemed t o  i n d i c a t e  t h a t  GA 
o r  a g i b b e r e l l i n - l i k e  compound o r  an i n h i b i t o r  l o c a t e d  a t  Rf  0 . 8 - 0 . 9  
was t h e  key  r e g u l a t o r  o f  abnormal  shuck o p e n in g  o r  d e h i s c e n c e .  The 
c o n d i t i o n s  f o r  abnorm al  shuck  o p e n i n g  were n o t  i d e n t i c a l  w i t h  t h a t  o f  
n a t u r a l  shuck o p e n i n g .  P r e v i o u s  r e s u l t s  i n d i c a t e d  t h a t  f r u i t  e x h i b i ­
t i n g  n a t u r a l  shuck o p e n in g  d i d  n o t  c o n t a i n  a u x i n s ,  b u t  had h i g h  l e v e l s  
o f  ABA ( o n ly  85% growth  o f  t h e  c o n t r o l )  and i n h i b i t o r  C (85% grow th  o f  
t h e  c o n t r o l )  (T a b le  1,  9 / 2 0 / 7 5 ) .  However,  f r u i t  showing abnormal  shuck  
o p e n in g  c o n t a i n e d  a u x i n s ,  and low l e v e l s  o f  ABA (95% g row th  o f  t h e  
c o n t r o l )  and i n h i b i t o r  C (95% growth  o f  t h e  c o n t r o l )  (T a b le  3 ) .
IVhen compar ing  h e a l t h y  and s h u c k - d i s e a s e d  f r u i t s ,  t h e r e  was no
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  l e v e l s  o f  a u x i n s ,  and l e v e l s  o f  ABA o r  
i n h i b i t o r  C ( F i g u r e  35 ) .  T h e re  was a d i f f e r e n c e  i n  l e v e l s  o f  p h e n o l i c  
a c i d  p a r t i c u l a r l y  a t  Rf  0 . 5 - 0 . 7  i n  t h e  n e u t r a l / b a s i c  f r a c t i o n  o f  e t h e r  
e x t r a c t s .  T h e r e  was a l s o  a s i g n i f i c a n t  d i f f e r e n c e  a t  Rf 0 . 8 - 0 . 9  i n  t h e  
a c i d i c  f r a c t i o n  where h e a l t h y  f r u i t s  c o n t a i n e d  GA o r  a g i b b e r e l l i n - l i k e  
compound i n  t h e  s h u c k ,  w h i l e  s h u c k - d i s e a s e d  f r u i t s  c o n t a i n e d  no GA o r  
a g i b b e r e l l i n - l i k e  compound,  b u t  r a t h e r  c o n t a i n e d  an  i n h i b i t o r  a t  Rf 
0 . 8 - 0 . 9 .
Data  seemed t o  be v e ry  c o n c l u s i v e  t h a t  ABA and  i n h i b i t o r  C were 
n o t  i n v o l v e d  i n  t h e  r e g u l a t i o n  o f  abnormal  shuck o p e n i n g ,  b u t  l a c k  o f  
GA o r  a g i b b e r e l l i n - l i k e  compound o r  t h e  p r e s e n c e  o f  an i n h i b i t o r  a t  
Rf  0 . 8 - 0 . 9  i n  t h e  a c i d i c  f r a c t i o n  o f  t h e  e x t r a c t s  and low l e v e l  o f  
p h e n o l i c  a c i d  i n  t h e  n e u t r a l / b a s i c  f r a c t i o n  o f  t h e  e x t r a c t s  t r i g g e r e d  
abnorm al  shuck  o p e n in g .
I f  t h i s  h y p o t h e s i s  i s  t r u e ,  what  t r i g g e r s  t h e  e a r l y  d i s a p p e a r a n c e  
o f  GA o r  t h e  g i b b e r e l l i n - l i k e  compound o r  t h e  o c c u r r e n c e  o f  an 
i n h i b i t o r  a t  Rf 0 . 8 - 0 . 9  i n  t h e  a c i d i c  f r a c t i o n  o f  e x t r a c t s ?  I t  c o u ld  
p o s s i b l y  be due t o  t h e  low l e v e l  o f  p h e n o l i c  a c i d  i n  t h e  n e u t r a l / b a s i c  
f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  t h a t  f a v o r e d  IAA o x i d a s e  a c t i v i t y .  
S u p p r e s s i o n  o f  IAA e n h a n c i n g  f r u i t  g ro w th  b e f o r e  t h e  n a t u r a l  shuck  
o pe n in g  p e r i o d  m igh t  r e s u l t  i n  i n a d e q u a t e  f r u i t  d e v e lo p m e n t ,  and t h u s  
r e s u l t  i n  t h e  l a c k i n g  o f  GA o r  a g i b b e r e l l i n - l i k e  compound o r  t h e  
p r e s e n c e  o f  a g rowth i n h i b i t o r .  I t  i s  a l s o  r e a s o n a b l e  t o  s u g g e s t  t h a t  
f a c t o r s  c o n t r i b u t i n g  t o  t h e  opt imum growth o f  t h e  pe c a n  t r e e  may be 
i n v o l v e d ,  s i n c e  S c h a l l e r  and  Dodge (278) r e p o r t e d  t h a t  e x c e s s i v e  c ro p  
w i t h  s p a r s e  and u n h e a l t h y  f o l i a g e ,  p o o r  t r e e  g r o w t h ,  v e i n  s p o t  i n f e c ­
t i o n ,  s h a d d in g  o f  t r e e ,  h i g h  r a i n f a l l ,  heavy  and w a t e r l o g g e d  s o i l
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favore r]  t h e  i n c i d e n c e  o f  abnorm al  shuck  o p e n in g  o f  p e c a n .  I t  i s  a l s o  
p o s s i b l e  t h a t  an i n h i b i t o r  p r e s e n t  a t  Rf 0 . 8 - 0 . 9  i n  t h e  a c i d i c  f r a c t i o n  
was i n t r o d u c e d  by i n s e c t s ,  t r i g g e r e d  t h e  d e s t r u c t i o n  o f  GA o r  
g i b b e r e l l i n - l i k e  compound,  and became d i r e c t l y  i n v o l v e d  i n  t h e  
r e g u l a t i o n  o f  abnormal  shuck  o p e n i n g .  The l a t t e r  i s  u n l i k e l y  t o  be  t h e  
c a s e  due t o  t h e  f a c t  t h a t  such i n h i b i t i o n  zone a t  Rf  0 . 8 - 0 . 9  i n  t h e  
a c i d i c  f r a c t i o n  was a l s o  o b s e r v e d  i n  t h e  f r u i t  showing  n a t u r a l  shuck 
o p e n i n g .  Many w o r k e r s  (192 ,  194 ,  300)  had r e p o r t e d  t h a t  e t h y l e n e  was 
t h e  r e g u l a t o r  r e s p o n s i b l e  f o r  pec;in shuck  o p e n i n g .  Though s h u c k -  
d i s e a s e d  f r u i t s  were  o b s e r v e d  t o  p r o d u c e  l a r g e  amount s  o f  e t h y l e n e  as  
compared t o  h e a l t h y  f r u i t s  ( u n p u b l i s h e d  d a t a ) ,  a bnorm a l  shuck  o p e n in g  
was u n l i k e l y  due t o  t h e  e f f e c t  o f  e t h y l e n e  s i n c e  i n j u r e d  t i s s u e s  
a lw ays  p r o d u c e  e t h y l e n e  (41 ,  3 4 9 ) .  T h i s  i n c r e a s e  i n  e t h y l e n e  p r o d u c ­
t i o n  c o u ld  p o s s i b l y  be due t o  t h e  p r e m a t u r e l y  opened  shuck  o r  due t o  
t h e  s e c o n d a r y  i n f e c t i o n  by  m i c r o o r g a n i s m s  o r  i n s e c t s  t h a t  p r o d u c e d  
e t h y l e n e  on t h e  p r e m a t u r e l y  opened  shuck .
S i t u a t i o n  2. Chromatograms from s h u c k - d i s e a s e d  f r u i t  showing p i n k i s h -  
r e d  c o l o r a t i o n  a t  Rf  0 . 3 - 0 . 4  i n  t h e  a c i d i c  f r a c t i o n
In t h e  a n a l y s i s  o f  v a r i a n c e  f o r  t h e  e x t r a c t s  o f  h e a l t h y  and 
s h u c k - d i s e a s e d  f r u i t s  o f  c u l t i v a r  ' S u c c e s s '  i n  b o t h  a c i d i c  and n e u t r a l /  
b a s i c  f r a c t i o n s ,  s i g n i f i c a n t  d i f f e r e n c e s  were o b s e r v e d  be tw een  f r u i t  
t y p e s ,  among Rf co m p o n e n t s ,  and be tw e en  a c i d i c  and n e u t r a l / b a s i c  
f r a c t i o n s .  S i g n i f i c a n t  i n t e r a c t i o n s  were o b s e r v e d  f o r  Rf  x f r a c t i o n ,
Rf x f r u i t  t y p e ,  f r a c t i o n  x f r u i t  t y p e ,  and Rf x f r a c t i o n  x f r u i t  t y p e .
S i g n i f i c a n t  d i f f e r e n c e s  be tw een  t h e  h e a l t h y  and s h u c k - d i s e a s e d  
f r u i t s ,  and among t h e  Rf components  c o u l d  b e  i n t e r p r e t e d  t o  mean t h a t  
q u a l i t a t i v e l y  d i f f e r e n t  g rowth  s u b s t a n c e s  as  w e l l  as  a p o s s i b l e
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q u a n t i t a t i v e  d i f f e r e n c e  w i t h i n  a q u a l i t a t i v e  e n t i t y  were  i n v o l v e d  in  
t h e  r e g u l a t i o n  o f  abnorm al  shuck o p e n i n g .  However,  t h e  d i f f e r e n c e s  
among Rf components  a r e  n o t  t h e  same f o r  t h e  a c i d i c  f r a c t i o n  a s  f o r  t h e  
n e u t r a l / b a s i c  f r a c t i o n ]  t h e  d i f f e r e n c e s  among Rf components  a r e  n o t  t h e  
same f o r  t h e  h e a l t h y  f r u i t  as  f o r  t h e  s h u c k - d i s e a s e d  f r u i t ]  and t h e  
d i f f e r e n c e  be tw een  t h e  a c i d i c  and n e u t r a l / b a s i c  f r a c t i o n s  i s  n o t  t h e  
same f o r  h e a l t h y  f r u i t  as  f o r  t h e  s h u c k - d i s c a s c d  f r u i t .
H i s to g r a m s  showing g row th  a c t i v i t y  o b t a i n e d  w i t h  Avena c o l e o p t i l e  
s t r a i g h t - g r o w t h  t e s t  o f  a c i d i c  and  n e u t r a l / b a s i c  f r a c t i o n s  o f  e t h e r  
e x t r a c t s  from t h e  s h u c k s  o f  h e a l t h y  and s h u c k - d i s e a s e d  f r u i t s  a r e  shown 
i n  F i g u r e s  36 -37  (T a b le  4 ) .
Growth a c t i v i t y  was c o n f i n e d  t o  t h r e e  zones  o f  chrom atograms  i n  
t h e  a c i d i c  f r a c t i o n  o f  h e a l t h y  f r u i t  e x t r a c t s .  The zones  o f  p r o m o t io n  
were  a t  Rf 0 . 1 - 0 . 2  ( IP yA ) ,  Rf 0 . 3 - 0 . 4  (IAA),  and Rf 0 . 8 - 0 . 9  (GA o r  a 
g i b b e r e l l i n - l i k e  compound). The two zones  o f  i n h i b i t i o n  were a t  Rf 
0 . 5 - 0 . 7  (ABA) and Rf 1 .0  ( i n h i b i t o r  C ) . Growth i n h i b i t i n g  a c t i v i t y  was 
o b s e r v e d  a t  a l l  R f ' s  i n  t h e  n e u t r a l / b a s i c  f r a c t i o n  o f  h e a l t h y  f r u i t  
e x t r a c t s  ( F i g u r e  36) .
No g row th  p r o m o t i n g  a c t i v i t y  was o b s e r v e d  a t  any Rf i n  t h e  a c i d i c  
f r a c t i o n  o f  s h u c k - d i s e a s e d  f r u i t  e x t r a c t s  ( F i g u r e  3 6 ) ,  n o r  a t  any  Rf 
i n  t h e  n e u t r a l / b a s i c  f r a c t i o n  o f  t h e  s h u c k - d i s e a s e d  f r u i t  e x t r a c t s  
( F i g u r e  3 7 ) .
Auxin (IPyA and IAA) and GA o r  a  g i b b e r e l l i n - l i k e  compound were  
p r e s e n t  i n  t h e  f r u i t s  showing no abnormal  shuck  o p e n i n g .  The l e v e l  o f  
ABA i n  t h e  h e a l t h y  f r u i t  e x t r a c t s  was o b s e r v e d  t o  be  i d e n t i c a l  t o  t h a t  
found i n  f r u i t s  d u r i n g  t h e  growing  p e r i o d  ( 7 / 1 3 / 7 5  t o  9 / 1 3 / 7 5 )  i n  
S tudy  I ( F i g u r e s  28 and  3 2 ) .  These  r e s u l t s  c o u ld  be i n t e r p r e t e d  t o
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mean t h a t  a u x i n s  (IPyA and IAA) and GA o r  a g i b b e r e l l i n - l i k e  compound 
s e r v e d  as  j u v e n i l e  f a c t o r s  i n  p r o m o t i n g  t h e  growth  o f  t h e  f r u i t s ,  i n  
d e l a y i n g  t h e  s e n e s c e n c e  o f  p e c a n  shuck  t i s s u e ,  and i n  s u p p r e s s i n g  t h e  
p h y s i o l o g i c a l  a c t i o n  o f  ABA,
In  t h e  s h u c k - d i s c a s c d  f r u i t  e x t r a c t s ,  no g row th  p r o m o t e r  was 
i s o l a t e d .  The zones  o f  p r o m o t io n  a t  Rf  0 . 1 - 0 . 2  and Rf 0 . 3 - 0 . 4 ,  which 
were s u p p o s e d l y  o c c u p i e d  by IPyA and IAA r e s p e c t i v e l y ,  were  r e p l a c e d  
by two zones  o f  i n h i b i t i o n .  A low l e v e l  o f  i n h i b i t i o n  was o b s e r v e d  a t  
Rf o . 1 - 0 . 2 ,  b u t  a h i g h  l e v e l  o f  i n h i b i t i o n  was o b s e r v e d  a t  Rf 0 . 3 - 0 . 4  
from which a  p i n k i s h - r e d  compound was l o c a t e d  ( F i g u r e  3 8 ) .
I t  seemed t h a t  pe c a n  shuck  d i s e a s e  i n  S i t u a t i o n  2 was n o t  due t o  
ABA, i n h i b i t o r  C i n  t h e  a c i d i c  f r a c t i o n  and p h e n o l i c  a c i d s  i n  t h e  
n e u t r a l / b a s i c  f r a c t i o n ,  s i n c e  b o t h  h e a l t h y  and s h u c k - d i s e a s e d  f r u i t s  
c o n t a i n e d  a l m o s t  e q u a l  l e v e l s  o f  t h e s e  i n h i b i t o r s  ( F i g u r e  3 8 ) .  With 
t h i s  i n  mind, i t  was h i g h l y  r e a s o n a b l e  t o  assume t h a t  g rowth  i n h i b i t o r s  
p r e s e n t  a t  Rf  0 . 1 - 0 . 2 ,  Rf  0 . 3 - 0 . 4 ,  and Rf o . 8 - 0 . 9  were  r e s p o n s i b l e  f o r  
t h e  shuck d i s e a s e  o f  p e c a n .  Could t h e  mechanism i n v o l v e d  i n  t h e  
r e g u l a t i o n  o f  n a t u r a l  shuck o p e n in g  i n  S tudy  I a p p l y  t o  t h e  phenomenon 
o f  abnorm al  shuck  o p e n i n g ,  s i n c e  b o t h  f r u i t  t y p e s  showed no g rowth  
p r o m o t in g  a c t i v i t y  a t  t h e  same t im e  o f  shuck  o p e n in g ?  T h a t  i s ,  t h e  
d i s a p p e a r a n c e  o f  GA o r  a g i b b e r e l l i n - l i k e  compound o r  p r e s e n c e  o f  
i n h i b i t o r  a t  Rf  0 . 8 - 0 . 9  c a u s e d  a r e l a t i v e l y  q u i c k  s h i f t  o f  hormonal  
b a l a n c e  in  f a v o r  o f  a u x i n  b e f o r e  shuck  o p e n in g  r e s u l t i n g  i n  e t h y l e n e  
p r o d u c t i o n  i n  t h e  k e r n e l .  T h i s  endogenous  e t h y l e n e ,  i n  r e t u r n ,  
r e g u l a t e d  t h e  s y n t h e s i s  o f  s p e c i f i c  m e s s e n g e r  RNA and a p p r o p r i a t e  
c om plem en ta ry  and r i b o s o m a l  RNA ( 5 ,  6) t h a t  were  p o s s i b l y  s p e c i f i c  f o r  
t h e  s y n t h e s i s  o f  IAA o x i d a s e  o r  p e r o x i d a s e  which c a t a l y s e d  t h e  o x i d a t i o n
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o f  IAA (229 ,  324) .  The o x i d a t i o n  o f  IAA t h e n  f a v o r e d  ABA to  be 
p h y s i o l o g i c a l l y  a c t i v e  i n  r e g u l a t i n g  t h e  s y n t h e s i s  o f  c e l l u l a s e  i n  t h e  
a b s c i s s i o n  zones  be tw e en  t h e  s e ed  and t h e  s h u c k ,  and i n  t h e  s u t u r e s  o f  
t h e  sh u c k .  T h i s  was u n l i k e l y  t o  bo t h e  c a s e  s i n c e  a  h i g h  l e v e l  o f  
g ro w th  i n h i b i t i n g  a c t i v i t y  (83% g row th  o f  t h e  c o n t r o l )  was o b s e r v e d  a t  
Rf 0 . 3 - 0 . 4  i n  t h e  a c i d i c  f r a c t i o n  o f  t h e  s h u c k - d i s c a s c d  f r u i t  ( F i g u r e  
3 8 ) .  The g r o w th  i n h i b i t i n g  a c t i v i t y  a t  Rf 0 . 3 - 0 . 4  was a b o u t  96% grow th  
o f  t h e  c o n t r o l  ( F i g u r e  31, a v e r a g e  o f  means on 9 / 2 0 / 7 5  and 1 0 / 5 /7 5 }  in  
t h e  a c i d i c  f r a c t i o n  o f  f r u i t  showing n a t u r a l  shuck  o p e n in g  i n  S t u d y  I .
An a t t e m p t  was made to  i d e n t i f y  t h i s  compound a t  Rf 0 . 3 - 0 . 4  i n  
t h e  a c i d i c  f r a c t i o n .  I t  d e v e l o p e d  y e l l o w  c o l o r  w i t h  P r o c h a z k a ' s  
r e a g e n t ,  S a l k o w s k i ' s  r e a g e n t ,  c i n n a m a l d c h y d e - H C l , N a l ^  + i lCl ,  and 
d e v e lo p e d  o r a n g e  c o l o r  w i t h  n i n h y d r i n  (A ppendix  10 ) .  No c o n c l u s i v e  
e v i d e n c e  c o u l d  be  drawn,  b u t  i t  was t h o u g h t  t o  be a compound o f  an 
i n d o l e  d e r i v a t i v e  l i n k e d  w i t h  g l y c o s i d e .
I n h i b i t i n g  a c t i v i t y  a t  Rf 0 . 1 - 0 . 2  c o u ld  be t h e  same compound as  
t h a t  p r e s e n t  i n  Rf 0 . 3 - 0 . 4 .  I t s  i n h i b i t i n g  a c t i v i t y  c o u l d  p o s s i b l y  be 
due t o  t h e  r e s i d u a l  t r a c e s  o f  t h i s  i n h i b i t o r  a t  Rf 0 . 3 - 0 . 4  i n  t h e  
a c i d i c  f r a c t i o n  o f  t h e  s h u c k - d i s e a s e d  f r u i t  e x t r a c t s .
Data  o f  b i o a s s a y  from h e a l t h y  and f r u i t  showing n a t u r a l  shuck  
o p e n in g  d i d  n o t  i n d i c a t e  such  h i g h  i n h i b i t i n g  a c t i v i t y  a t  t h i s  zone .  
However ,  i t  seemed t o  s u g g e s t  t h a t  t h e  i n h i b i t i n g  s u b s t a n c e  a t  Rf 0 . 3 -  
0 . 4  was p r o b a b l y  n o t  an endogenous  compound. T h i s  s u b s t a n c e  c o u l d  be 
p o s s i b l y  i n t r o d u c e d  i n to  t h e  shuck  t i s s u e  when i n s e c t s ,  e s p e c i a l l y  s t i n k  
bug  and l i k e  s j i e c i e s ,  f e e d  on t h e  shuck .
O sburn  e t  a l .  (245) r e p o r t e d  t h a t  n u t s  f r e q u e n t l y  d ropped  as  a 
r e s u l t  o f  s t i n k  bug damage. I t  i s  t h e r e f o r e  h i g h l y  p r o b a b l e  t h a t  t h i s
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i n h i b i t i n g  s u b s t a n c e  a t  Rf 0 . 3 - 0 . 4  i n  t h e  a c i d i c  f r a c t i o n  o f  e x t r a c t s  
from s h u c k - d i s e a s e d  f r u i t ,  i n t r o d u c e d  by s t i n k  bug o r  o t h e r  i n s e c t s ,  
u p s e t  t h e  hormona l  s y s t e m  i n  t h e  shuck  r e s u l t i n g  i n  t h e  m e t a b o l i s m  o r  
d i s a p p e a r a n c e  o f  GA o r  t h e  g i b b e r e l l i n - l i k e  compound. T h i s  change  i n  
t h e  hormona l  s y s te m  r e s u l t e d  i n  t h e  p r e m a t u r e  shuck  d r y i n g  o r  shuck 
o p e n i n g .
Pecan  shuck d i s e a s e  i n  S i t u a t i o n  2 i s  u n l i k e l y  t o  b e  r e d u c e d  o r  
a l l e v i a t e d  by t h e  a p p l i c a t i o n  o f  GA o r  g i b b c r c l 1 i n - l i k e  compounds due 
t o  t h e  p r e s e n c e  o f  t h i s  i n h i b i t o r  a t  Rf 0. 3 - 0 . 4  i n  t h e  a c i d i c  f r a c t i o n  
o f  t h e  e x t r a c t s  o f  t h e  s h u c k - d i s e a s e d  f r u i t .  Those  o b s e r v a t i o n s  and 
d a t a  c o u l d  be u s e d  t o  p o s s i b l y  e x p l a i n  t h e  r e a s o n  why r i g i d  f u n g i c i d e  
and i n s e c t i c i d e  a p p l i c a t i o n s  d u r i n g  t h e  l a t e  summer r e d u c e d  t h e  
i n c i d e n c e  o f  pe c a n  shuck  d i s e a s e  ( s tem  end b l i g h t )  ( 2 8 0 ) .
Knowing t h e  r e l a t i o n s h i p  be tw een  endogenous  g ro w th  s u b s t a n c e s  
and  shuck  d i s e a s e  o f  p e c a n ,  i t  i s  p o s s i b l e  t o  m a n i p u l a t e  t h e  a p p l i c a t i o n  
o f  some exogenous  g rowth  s u b s t a n c e s  a t  t h e  c r i t i c a l  t i m e  and have  an 
e f f e c t i v e  c o n t r o l  o r  r e d u c e  t h e  o c c u r r e n c e  o f  p e c a n  shuck  d i s e a s e .  
R e s u l t s  seemed t o  i n d i c a t e  t h a t  pe c a n  shuck  d i s e a s e  i n  S i t u a t i o n  1 
c o u l d  b e  c o n t r o l l e d  o r  r e d u c e d  by a p p l i c a t i o n  o f  GA o r  g i b b e r e l l i n -  
l i k e  compounds a t  t h e  c r i t i c a l  t i m e  where GA o r  g i b b e r e l l i n - l i k e  
compounds a r e  b e l i e v e d  t o  be l a c k i n g .  I t  i s  v e r y  d o u b t f u l  t h a t  pe c an  
shuck  d i s e a s e  i n  S i t u a t i o n  2 can be  c o n t r o l l e d  o r  r e d u c e d  by t h e  
a p p l i c a t i o n  o f  exogenous  g rowth  s u b s t a n c e s ,  GA i n  p a r t i c u l a r .
P l a t e  1.  Chromatograms from t h e  a c i d i c  f r a c t i o n  
o f  p e c a n  f r u i t  e x t r a c t s :  N o n - d i s e a s e d  (H ) ;
S h u c k - d i s e a s e d  ( S i t u a t i o n  1) (D ) ; S h u c k - d i s e a s e d  
( S i t u a t i o n  2) (DR)
T a b l e  4. R e sponses  o f  Avena c o l e o p t i l e s  t o  endogenous  g r o w th  p r o m o t e r s  and i n h i b i t o r s  i n  t h e  a c i d i c  
and n e u t r a l / b a s i c  f r a c t i o n  o f  e t h e r  e x t r a c t s  o f  h e a l t h y  ( n o n - d i s e a s e d )  and s h u c k - d i s e a s e d  
f r u i t s  o f  c u l t i v a r ,  ' S u c c e s s '  a t  Rf 0 .1  t o  1 . 0 .  Each v a l u e  i s  t h e  a v e r a g e  o f  10 r e p l i c a t e s  
(above 100% i n d i c a t e d  g row th  p r o m o t e r  and be low 100% i n d i c a t e d  g row th  i n h i b i t o r  o r  a b s e n c e  
o f  g rowth  p r o m o t e r )
ACIDIC NEUTRAL/BASIC
Rf
H e a l t h y
f r u i t
D i s e a s e d  
f r u i t  
( s i t u a t i o n  I)
D i s e a s e d  
f r u i t  
( s i t u a t i o n  I I )
H e a l t h y
f r u i t
D i s e a s e d  
f r u i t  
( s i t u a t i o n  I )
D i s e a s e d  
f r u i t  
( s i t u a t i o n  I I )
0.1 105 100 95 100 100 97
0 .2 102 105 97 94 96 98
0 .3 105 107 81 93 94 92
0 .4 100 107 85 92 97 95
0 .5 99 97 96 87 96 93
0 .6 95 94 94 85 93 88
0. 7 94 94 94 80 88 81
0 .8 105 96 97 S3 87 78
0 .9 101 92 94 82 87 79
o1—t 95 95 93 95 90 93
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T a b l e  5. Rf  v a l u e s  f o r  p u r e  compounds and p o s s i b l e  g row th  s u b s t a n c e s  from ch rom ato grams  d e v e l o p e d  
i n  n -bu tano l -amm onium  h v d r o x i d e - w a t e r  ( 1 0 : 1 : 1 ,  v / v / v )  f o r  b o t h  a c i d i c  and n e u t r a l / b a s i c  
f r a c t i o n  o f  e t h e r  e x t r a c t s .
S u b s t a n c e s  i n  h e a l t h y  f r u i t  S u b s t a n c e s  i n  c 
N e u t r a l /
Rf o f  Rf A c i d i c  b a s i c  A c i d i c
Pure  compound p u r e  compound o b t a i n e d  f r a c t i o n  f r a c t i o n  f r a c t i o n
IPyA 0 .1S  0 . 1 - 0 . 2  IPyA -  IPyA
IAA 0 .3 5  0 . 5 - 0 . 4  IAA - IAA
ABA 0 .6 0  0 . 5 - 0 . 7  ABA -  ABA
GA 0.S5  0 . 8 - 0 . 9  GA
1 .0  I n h .  C - I n h .  C
0 . 1 - 1 . 0  - o - d i p h e n o l
IPyA 0 .15  0 . 1 - 0 . 2  IPyA
IAA. 0 .3 5  0 . 3 - 0 . 4  IAA
ABA 0-60 0 . 5 - 0 . 7  ABA - ABA
GA 0 .S 5  0 . S - 0 . 9  GA
1 . 0  I n h .  C - I n h .  C
0 . 1 - 1 . 0  - o - d i r h e n o l
i s e a s e d  f r u i t
N e u t r a l /
b a s i c
f r a c t i o n
o - d i r h e n o l
o - d i n h e n o l
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T a b le  6.  Responses  o f  Avena c o l e o n t i l e s  t o  endogenous  g row th  p r o m o t e r s  and  i n h i b i t o r s  i n  t h e  a c i d i c  
and n e u t r a l / b a s i c  f r a c t i o n  o f  e t h e r  e x t r a c t s  o f  h e a l t h y  ( n o n - d i s e a s e d )  and s h u c k - d i s e a s e d  
f r u i t s  o f  c u l t i v a r ,  ' S u c c e s s '  a t  Rf  0 . 1 - 1 . 0 .  (Each v a l u e  i s  t h e  a v e r a g e  o f  t e n  r e p l i c a t e s  
w i t h i n  t h e  Rf r a n g e  o f  t h e  g rowth  s u b s t a n c e s )
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S h u c k - d i s e a s e d  
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f i g u r e  33. Responses  o f  Avcna c o l e o n t i l e s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf v a l u e s  0 . 1 - 1 - 0  i n  
t h e  a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  
n o n - d i s e a s e d  and d i s e a s e d  shuck o f  pe c an  f r u i t  cv.  
S u c c e s s .  (Each h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  
o f  t e n  r e p l i c a t e s )  { S i t u a t i o n  1)
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F i g u r e  34. Responses  o f  Avena c o l c o n t i l e s  t o  endogenous  g row th  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf  v a l u e s  0 . 1 - 1 . 0  i n  
t h e  n e u t r a l / b a s i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  
n o n - d i s e a s e d  and d i s e a s e d  shuck o f  pe c an  f r u i t  cv.  
S u c c e s s .  (Each h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  o f  
t e n  r e p l i c a t e s )  ( S i t u a t i o n  1)
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Figure 35-
l l l l l l l l l l  H e a l t h y  f r u i t
S h u c k - d i s e a s e d  f r u i t
IPyA IAA ABA GA In h .  C o - d i p h e n o l
0 . 1-
0 . 2
0 .3 -
0 .4
0.5-
0 .7
0 . 8 -
0 . 9
1 . 0 0 . 1 - 1 , 0
Rf ( a c i d i c  f r a c t i o n )
Rf
( n e u t r a l /
b a s i c
f r a c t i o n )
R esponses  o f  Avena c o l e o p t i l c s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  at. Rf 0 . 1 - 1 . 0  i n  t h e  a c i d i c  
and n e u t r a l / b a s i c  f r a c t i o n s  o f  e t h e r  e x t r a c t s  o f  non-  
d i s e a s e d  and s h u c k - d i s e a s e d  f r u i t s ,  c u l t i v n r  ' S u c c e s s ' .  
(Bach h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  o f  t e n  
r e p l i c a t e s )  ( S i t u a t i o n  1)
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S h u c k - d i s e a s e d  
f r u i t
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f i g u r e  56. R esponses  o f  Avona c o l c o p t i l c s  t o  endogenous  g rowth  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf v a l u e s  0 . 1 - 1 . 0  in  t h e  
a c i d i c  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  t h e  n o n ­
d i s e a s e d  and d i s e a s e d  shuck o f  pecan  f r u i t  cv.  
S u c c e s s .  (Each h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  o f  
t e n  r e p l i c a t e s )  ( S i t u a t i o n  2)
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f i g u r e  37. Responses  o f  Avona c o l c o p t i l c s  to  endogenous  g rowth 
p r o m o t e r s  and i n h i b i t o r s  a t  lif v a l u e s  0 . 1 - 1 . 0  in 
t h e  n e u t r a ] / b a s . i  c f r a c t i o n  o f  t h e  e t h e r  e x t r a c t s  o f  
t h e  n o n - d i s e n s e d  and d i s e a s e d  shuck o f  pe c an  f r u i t  
cv .  S u c c e s s .  (bach h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  
o f  t e n  r e p l i c a t e s )  ( S i t u a t i o n  2)
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( n e u t r a l /  
bn s i  c.
Rf  ( a c i d i c  f r a c t i o n )  f r a c t i o n !
F i g u r e  38. R e s p o n s e s  o f  Avcna c o l e o p t i l c s  t o  endogenous  g row th  
p r o m o t e r s  and i n h i b i t o r s  a t  Rf  0 . 1 - 1 . 0  i n  t h e  a c i d i c  
and n e u t r a l / b a s i c  f r a c t i o n s  o f  e t h e r  e x t r a c t s  o f  n a n -  
d i s e a s e d  and s h u c k - d i s e n s e d  f r u i t s ,  e u l t i v a r  ' S u c c e s s ' .  
(Each h i s t o g r a m  r e p r e s e n t s  t h e  a v e r a g e  o f  t e n  
r e p l i c a t e s )  ( S i t u a t i o n  2)
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S tu d y  I I I .  E f f e c t s  o f  GA, A l a r ,  and t h e i r  C o m b in a t io n s
I n  t l i e  a n a l y s i s  o f  c o v a r i a n c e  f o r  e f f e c t s  o f  GA, A l a r ,  and 
t h e i r  c o m b i n a t i o n s  on t h e  i n c i d e n c e  o f  pe c a n  shuc k  d i s e a s e ,  t h e r e  was 
h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  among t r e a t m e n t s .  T h e r e f o r e ,  o r t h o g o n a l  
c o m p a r i s o n s  among t r e a t m e n t s  were made i n  o r d e r  t o  f i n d  o u t  which 
c h e m ica l  t r e a t m e n t  gave  a s i g n i f i c a n t  r e s u l t .  I t  was found  t h a t  GA 
and A l a r ,  s i n g l y  o r  i n  c o m b i n a t i o n  w i t h  one  a n o t h e r  gave a s i g n i f i c a n t  
r e d u c t i o n  i n  t h e  i n c i d e n c e  o f  pe c an  shuck  d i s e a s e  when t h e  c h e m i c a l s  
were  a p p l i e d  on 7 / 2 6 / 7 5  and 8 / 5 / 7 5 .  Com par i sons  among GA, A l a r ,  and 
t h e i r  c o m b i n a t i o n s  i n d i c a t e d  t h a t  GA x A l a r  c o m b i n a t i o n s  were most  
e f f e c t i v e  i n  r e d u c i n g  o r  c o n t r o l l i n g  t h e  i n c i d e n c e  o f  pe c a n  shuck 
d i s e a s e .  GA was found  t o  be more e f f e c t i v e  t h a n  A l a r  (Appendix  4 ) .
GA a p p l i e d  a l o n e  a t  500 ppm o r  i n  c o m b i n a t i o n  w i t h  A l a r  gave 
more e f f e c t i v e  r e d u c t i o n  i n  t h e  i n c i d e n c e  o f  p e c a n  shuck  d i s e a s e  t h a n  
l ow e r  GA c o n c e n t r a t i o n s  and t h e i r  c o m b i n a t i o n s  w i t h  A l a r .
A la r  a t  1 ,0 0 0  ppm f a i l e d  t o  r e d u c e  t h e  i n c i d e n c e  o f  pe c a n  shuck  
d i s e a s e .  T h i s  c o u l d  p r o b a b l y  be e x p l a i n e d  by t h e  f a c t  t h a t  t r e e s  
r e c e i v i n g  A l a r  a t  1 ,0 00  ppm p o s s i b l y  had  low n u t r i t i o n a l  l e v e l s ,  t h u s  
l ac k  o f  v i g o r  t h a t  was n o t  o b v i o u s  a t  t h e  t i m e  o f  c h e m i c a l  a p p l i c a t i o n .  
Dodge and S c h a l l e r  (87,  88) a l s o  r e p o r t e d  t h a t  t h e r e  was a d i f f e r e n c e  
i n  n u t r i t i o n a l  l e v e l s  o f  d i f f e r e n t  s h o o t s .
In  t h e  a n a l y s i s  o f  c o v a r i a n c e  f o r  e f f e c t s  o f  GA, A l a r ,  and 
t h e i r  c o m b i n a t i o n s  on k e r n e l  y i e l d  o f  p e c a n ,  t h e r e  vjas no s i g n i f i c a n t  
d i f f e r e n c e  i n  y i e l d  as  compared w i t h  t h e  c o n t r o l  (Appendix 5 ) .  A l l  
t r e a t m e n t s  e x c e p t  A l a r  a t  1 ,0 0 0  ppm and GA a t  500 ppm x A l a r  3 ,0 0 0  
ppm, i n c r e a s e d  k e r n e l  y i e l d .  S i n c e  t r e e s  r e c e i v i n g  A l a r  a t  1 ,0 00  ppm 
were  s u s p e c t e d  o f  h a v i n g  low n u t r i t i o n a l  l e v e l s  o r  l a c k  o f  v i g o r ,  i t
1J 2
was r e a s o n a b l e  t o  e x p e c t  low y i e l d  i f  t h e  p r e v i o u s  p r o p o s e d  c o n d i t i o n  
( low n u t r i t i o n a l  l e v e l )  e x i s t e d .  S c h a l l c r  c t  a l .  (279)  r e p o r t e d  t h a t  
weak s h o o t s  o f  t h e  t r e e  f r e q u e n t l y  r e s u l t e d  i n  poo r  f i l l i n g  and poo r  
q u a l i t y  o f  n u t s .
GA a t  500 ppm x A l a r  a t  3 , 0 0 0  ppm r e d u c e d  t h e  k e r n e l  y i e l d  as  
compared w i t h  t h e  c o n t r o l .  I t  m ig h t  be due t o  t h e i r  opt imum e f f e c t  i n  
d e l a y i n g  m a t u r i t y  o f  f r u i t s  s i n c e  maximum ' n m c c n t r a t i o n s  o f  t h e s e  
c h e m i c a l s  were u s e d .  S t o r e y  e t  a l . (308) r e p o r t e d  t h a t  A l a r  4 ,0 0 0  ppm 
d e l a y e d  m a t u r i t y  o f  pecan  f r u i t s .  Many w o r k e r s  (65 ,  106, 284) a l s o  
r e p o r t e d  t h a t  GA r e t a r d e d  m a t u r i t y  and s e n e s c e n c e .
T a b l e  7 shows t h e  e f f e c t s  o f  GA, A l a r ,  and t h e i r  c o m b i n a t i o n s  
on t h e  i n c i d e n c e  o f  pe c a n  shuck d i s e a s e  and k e r n e l  y i e l d  o f  p e c a n ,  
cv.  ' S u c c e s s ' .
The a p p l i c a t i o n  o f  GA x A l a r  c o m b i n a t i o n s  gave b e s t  r e d u c t i o n  
i n  t h e  o c c u r r e n c e  o f  pe c an  shuck d i s e a s e ,  e s p e c i a l l y  when a  h i g h  
c o n c e n t r a t i o n  o f  GA was u s e d ,  and g e n e r a l l y  i n c r e a s e d  k e r n e l  y i e l d .
S i n c e  A l a r  i n h i b i t e d  g i b b e r e l l i n  s y n t h e s i s  (94 ,  1 8 0 ) ,  i t  was v e r y  
l i k e l y  t h a t  A l a r  i n  t h i s  s t u d y  s e r v e d  a s  a f a c t o r  i n  d e l a y i n g  m a t u r i t y  
o f  f r u i t s  and t i s s u e  s e n e s c e n c e .  I t s  d e l a y i n g  e f f e c t  was p r o b a b l y  
f u r t h e r  e nha nce d  by GA a p p l i c a t i o n .  D a ta  seemed t o  s u g g e s t  t h a t  GA 
n o t  o n l y  s e r v e d  as  a  f a c t o r  i n  d e l a y i n g  m a t u r i t y  ( as  a j u v e n i l e  f a c t o r ) ,  
b u t  i t  a l s o  i n c r e a s e d  t h e  t r a n s l o c a t i o n  o f  c a r b o h y d r a t e s  (36) f rom 
l e a v e s  and shuck  t o  t h e  s e e d ,  t h u s  was r e s p o n s i b l e  f o r  t h e  p r o p e r  
f i l l i n g  o f  t h e  n u t s .
Based on t h e  r e s u l t s ,  i t  i s  l o g i c a l  t o  c o n c l u d e  t h a t  GA, A l a r ,  
and  t h e i r  c o m b i n a t i o n s  d e l a y e d  t h e  m a t u r i t y  and  s e n e s c e n c e  o f  pecan  
f r u i t s  and shuck t i s s u e ,  w h i l e  GA may h a v e  a l s o  a i d e d  i n  i n c r e a s i n g
t h e  t r a n s l o c a t i o n  o f  c a r b o h y d r a t e s  t o  t h e  s e e d s  f o r  t h e  p r o p e r  
d e v e lo p m e n t .  A l s o ,  t h e  a p p l i c a t i o n  o f  GA may have  s e r v e d  as  a s o u r c e  o f  
GA. S i n c e  i t  i s  t h o u g h t  t h a t  l a c k  o f  GA m ig h t  b e  t h e  c a u s e  o f  pe c an  
shuck d i s e a s e  ( S i t u a t i o n  1] i n  S tu d y  I I ,  i t  i s  a l s o  l o g i c a l  t o  s u g g e s t  
t h a t  a p p l i c a t i o n s  o f  GA a lo n e  o r  i n  c o m b i n a t i o n s  w i t h  A l a r ,  r e d u c e d  t h e  
i n c i d e n c e  o f  pe c a n  shuck  d i s e a s e .
S i n c e  t h e  f r u i t s  were h a r v e s t e d  a b o u t  one month b e f o r e  nu t  
s h e d d i n g ,  i t  i s  u n w a r r a n t e d  t o  j u d g e  t h e  e f f e c t s  o f  c h e m i c a l  t r e a t m e n t s  
on k e r n e l  y i e l d  o f  p e c a n ,  e s p e c i a l l y  GA and A l a r .  Y i e l d s  when compared 
w i t h  t h e  c o n t r o l  were g r e a t l y  a f f e c t e d  s i n c e  GA and  A l a r  b o t h  d e l a y e d  
m a t u r i t y  and s e n e s c e n c e .  N e v e r t h e l e s s ,  from t h e  o b s e r v a t i o n s ,  a 
t r e a t m e n t  o f  GA a t  500 ppm x A l a r  a t  1 ,0 0 0  ppm s h o u l d  be  i n c l u d e d  i n  
f u t u r e  s t u d i e s  on c o n t r o l  o f  shuck  d i s e a s e  o f  p e c a n .
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Table 7. liffects of GA, Alar, and their combinations on the
occurrence of pecan shuck disease and kernel yield
O c c u r r e n c e  o f  pe c a n  Average
shuck  d i s e a s e  as  % y i e l d  o f  k e r n e l
T r e a t m e n t s  o f  t h e  c o n t r o l  (gm/20 n u t s )
GA 500 X A l a r 1000
CO .69 62,.66
GA 500 X A l a r 3000 31..17 57, . 1 1
GA 350 X A l a r 1000 37..77 70,. 73
GA 500 40..07 71..40
GA 350 X A l a r 3000 40,.94 71 ,.76
GA 200 X A l a r 3000 49..91 65..45
GA 200 X A l a r 1000 50..85 67.,60
GA 350 52..25 62,.57
GA 200 60..94 66..58
A l a r  3000 77,.05 63,,31
A l a r  1000 102..20 62.,01
C o n t r o l 100..00 62.,46
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S tu d y  IV. E f f e c t s  o f  FBA, GA, I M ,  and  T h e i r  C om b in a t io n s
In t h e  a n a l y s i s  o f  c o v a r i a n c e  f o r  e f f e c t s  o f  PBA, GA, IAA, and 
t h e i r  c o m b i n a t i o n s ,  no s i g n i f i c a n t  d i f f e r e n c e s  were  found  among c h e m ic a l  
t r e a t m e n t s  i n  r e d u c i n g  t h e  i n c i d e n c e  o f  p e c a n  shuck  d i s e a s e  as  compared 
w i t h  t h e  c o n t r o l .  A l l  t r e a t m e n t s  seemed t o  r e d u c e  t h e  i n c i d e n c e  o f  
shuck  d i s e a s e  t o  a c e r t a i n  d e g r e e  e x c e p t  f o r  JAA a t  100 ppm which 
i n c r e a s e d  t h e  i n c i d e n c e  o f  p e c a n  shuck  d i s e a s e  as  compared w i t h  t h e  
c o n t r o l  (Appendix 6}.
Though many w o r k e r s  (12 ,  73 ,  230,  231 ,  358)  had  r e p o r t e d  t h a t  
IAA i n d u c e d  e t h y l e n e  p r o d u c t i o n  and t h a t  e t h y l e n e  s e r v e d  as  a r e g u l a t o r  
f o r  pe c a n  shuck d i s e a s e  (192 ,  193,  1 9 4 ) ,  c o u ld  t h i s  i n c r e a s e d  i n c i d e n c e  
b e  a t t r i b u t e d  t o  t h e  a p p l i c a t i o n  o f  exogenous  IAA? I f  IAA a t  100 ppm
i n d e e d  i n c r e a s e d  t h e  i n c i d e n c e  o f  pe c an  shuck  d i s e a s e ,  s e v e r a l  r e a s o n s
c o u l d  be  u sed  t o  e x p l a i n  t h e  i n c r e a s e .  P e r h a p s ,  IAA a t  100 ppm was 
f a r  above t h e  p h y s i o l o g i c a l  c o n c e n t r a t i o n  o f  endogenous  IAA l e v e l ,  and 
i t  p o s s . i b l y  c r e a t e d  a s t e e p  a u x i n  g r a d i e n t  f a v o r i n g  e t h y l e n e  p r o d u c t i o n  
which  t h e n  p r e c i p i t a t e d  p r e m a t u r e  shuck o p e n in g  (pec a n  shuck  d i s e a s e )  
(192 ,  194) .  I t  was a l s o  n o t e d  t h a t  ' S u c c e s s '  c u l t i v a r  was s e n s i t i v e  
t o  2 ,4 - D  ( 1 3 3 ) .  NAA and IBA a l s o  c a u s e d  p r e m a t u r e  d r o p p i n g  o f  pe c an
f r u i t s  ( 1 3 3 ) .  These  o b s e r v a t i o n s  c o u l d  be  u s e d  t o  e x p l a i n  t h e  f a c t
t h a t  ' S u c c e s s '  was p o s s i b l y  a l s o  s e n s i t i v e  t o  a u x i n ,  p a r t i c u l a r l y  IA \ .  
IAA-induced  p r e m a t u r e  shuck  o p e n in g  was f u r t h e r  s u p p o r t e d  by t h e  
f i n d i n g s  t h a t  p r e m a t u r e  shuck o p e n in g  was g r e a t l y  enhanced  by t h e  
a p p l i c a t i o n  o f  2 , 4 , 5 - T  b e f o r e  t h e  s h e l l s  o f  t h e  n u t s  f u l l y  h a rd e n e d  
( d a t e  o f  a p p l i c a t i o n :  7 / 2 6 / 7 5 )  ( u n p u b l i s h e d  d a t a ) .
IA A-induced  p r e m a t u r e  shuck o p e n in g  c o u l d  a l s o  be due t o  t h e  
f a c t  t h a t  t h e  t r e e  r e c e i v i n g  IAA a t  100 ppm was i n  a weak p h y s i o l o g i c a l
tt
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c o n d i t i o n  and t h u s  l a c k i n g  GA. T h i s  d e f i c i e n c y  o f  GA or  a  g i b b e r e l l i n -  
l i k e  compound changed  t h e  p h y s i o l o g i c a l  a c t i o n  o f  IAA from j u v e n i l i t y  
i n t o  a u x i n - i n d u c e d  e t h y l e n e  p r o d u c t i o n .  E t h y l e n e  was t h e n  t h e  u l t i m a t e  
r e g u l a t o r  o f  pecan  shuck o p e n in g  (pecan  shuck d i s e a s e ) .
I f  an i n c r e a s e d  i n c i d e n c e  o f  pe c an  shuck  d i s e a s e  was due t o  
a u x i n - i n d u c e d  e t h y l e n e  p r o d u c t i o n ,  t h e n ,  why d i d  t h e  a p p l i c a t i o n  o f  IAA 
a t  100 ppm i n  c o m b i n a t i o n  w i t h  PBA a n d / o r  GA n o t  i n c r e a s e  t h e  i n c i d e n c e  
o f  pe c a n  shuck  d i s e a s e ?
IVhen IAA a t  100 ppm was a p p l i e d  t o g e t h e r  w i t h  GA, GA m ig h t  no t  
o n l y  s e r v e  as a j u v e n i l i t y  f a c t o r  w ork ing  s y n e r g i s t i c a l  l y  w i t h  IAA in  
p r o m o t in g  f r u i t  g row th  r a t h e r  t h a n  a u x i n - i n d u c e d  e t h y l e n e  p r o d u c t i o n ,  
b u t  a l s o  migh t  s u p p r e s s  t h e  a c t i o n  o f  IAA i n  r e g u l a t i n g  e t h y l e n e  
p r o d u c t i o n .  T h i s  was s u p p o r t e d  by t h e  f i n d i n g  t h a t  GA c a u s e d  50% 
r e d u c t i o n  o f  e t h y l e n e  p r o d u c t i o n  i n d u c e d  by  2 ,4 -D  i n  soybean  ( 1 4 0 ) ,  and 
c i t r u s  f r u i t s  ( 1 8 9 ) .  GA m igh t  a l s o  have  d e l a y e d  f r u i t  m a t u r i t y  and 
shuck t i s s u e  s e n e s c e n c e .
When IAA was a p p l i e d  t o g e t h e r  w i t h  PBA, t h e  i n c i d e n c e  o f  pe c an  
shuck d i s e a s e  was r e d u c e d .  S i n c e  c y t o k i n i n  c o u l d  d e l a y  s e n e s c e n c e  (244 ,  
2 6 2 ) ,  a b s c i s s i o n  ( 2 4 4 ) ,  and s u p p r e s s  a c t i o n  i n d u c e d  by IAA (316) ,  IAA 
c o u ld  n o t  p l a y  i t s  r o l e  i n  t h e  r e g u l a t i o n  o f  e t h y l e n e  p r o d u c t i o n .
PBA and GA d e l a y e d  s e n e s c e n c e  o f  t i s s u e .  I t  was a l s o  n o t e d  
t h a t  PBA c a u s e d  m o b i l i z a t i o n  o f  v a r i o u s  n u t r i e n t s  (236) and GA 
s u p p r e s s e d  e t h y l e n e  p r o d u c t i o n  (148 ,  149) and s e r v e d  a s  a j u v e n i l i t y  
f a c t o r  (6 5 ,  106, 2 8 4 ) .  I t  was l o g i c a l  t o  s u g g e s t  t h a t  IAA-induced 
e t h y l e n e  p r o d u c t i o n  was masked by PBA and GA, t h u s  r e d u c i n g  t h e  
i n c i d e n c e  o f  pe c a n  shuck d i s e a s e .
In  t h e  a n a l y s i s  o f  c o v a r i a n c e  f o r  e f f e c t s  o f  PBA, GA, IAA, and
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t h e i r  c o m b i n a t i o n s ,  no s i g n i f i c a n t  i n c r e a s e  i n  k e r n e l  y i e l d  was 
o b s e r v e d  f o r  any t r e a t m e n t  when compared  w i t h  t h e  c o n t r o l  (Appendix 7 ) .
T a b l e  8 shows t h e  e f f e c t s  o f  PBA, GA, IAA, and t h e i r  c o m b i n a t i o n s  
on t h e  i n c i d e n c e  o f  pe c a n  shuck  d i s e a s e  and k e r n e l  y i e l d  o f  p e c a n ,  
c u l t i v a r  ' S u c c e s s ' .
As was m e n t io n e d  i n  S tu d y  I I I ,  k e r n e l  y i e l d  was n o t  a good 
c r i t e r i o n  t o  e v a l u a t e  t h e  e f f e c t s  o f  PBA, GA, IAA, and t h e i r  
c o m b i n a t i o n s  i n  t h i s  s t u d y  due t o  t h e  f a c t  t h a t  f r u i t s  were  h a r v e s t e d  
a p p r o x i m a t e l y  one month b e f o r e  n u t  s h e d d i n g .  P r u i t s  h a r v e s t e d  were 
s t i l l  i n  t h e  growing  and f i l l i n g  s t a g e .  The i n c r e a s i n g  o r  d e c r e a s i n g  
e f f e c t  o f  t h e  g rowth  s u b s t a n c e s  was n o t  y e t  c e r t a i n .  I t  i s  t h e r e f o r e  
u n j u s t i f i e d  t o  p l a c e  t o o  much e m p h a s i s  on  k e r n e l  y i e l d  t o  d e t e r m i n e  
t h e  e f f e c t s  o f  t h e s e  g rowth  s u b s t a n c e s  i n  t h i s  s t u d y .
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Tabic 8. effects of PBA, GA, IAA, and their combinations 011
the occurrence of pecan shuck disease and kernel yield.
O c c u r r e n c e  o f  p e c a n  Average
shuck  d i s e a s e  a s  % y i e l d  o f  k e r n e l
T r e a t m e n t s  o f  t h e  c o n t r o l  (gm/ 20 n u t s )
PBA 200 6 4 .9 5 75. 78
PBA 500 4 6 .2 7 60 .9 1
IAA 100 132 .36 62 .4 5
GA 500 65 .21 71 .6 2
PBA 200 X IAA 100 6 0 .6 6 63 ,8 1
PBA 200 X GA 500 2 4 .9 8 6 9 .6 2
PBA 500 X IAA 100 31 .6 0 6 9 .7 6
PBA 500 X GA 500 48 .11 63 .4 2
PBA 200 X GA 500 x IAA 100 24 .91 80 .71
PBA 500 X GA 500 x IAA 100 32 .52 6 5 .5 2
C o n t r o l 100 .00 69. 74
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S tu d y  V. Ef f e c t s  o f  K i n c t i n ,  and K i n e t i n  x A l a r  C om b in a t io n s
In t h e  a n a l y s i s  o f  c o v a r i a n c e  f o r  e f f e c t s  o f  k i n e t i n ,  and 
k i n e t i n  x A l a r  c o m b i n a t i o n s  on t h e  i n c i d e n c e  o f  pe c a n  shuck  d i s e a s e  
(Appendix 8},  and k e r n e l  y i e l d  (Appendix  9 J , t h e r e  was no s i g n i f i c a n t  
r e d u c t i o n  i n  t h e  i n c i d e n c e  o f  p e c a n  shuck d i s e a s e  a s  compared  w i t h  t h e  
c o n t r o l .  No i n c r e a s e  i n  y i e l d  was o b s e r v e d .
T a b l e  9 shows t h e  e f f e c t s  o f  k i n e t i n ,  and k i n e t i n  x A l a r  
c o m b i n a t i o n s  on t h e  i n c i d e n c e  o f  p e c a n  shuck  d i s e a s e  and k e r n e l  y i e l d  
o f  p e c a n ,  c u l t i v a r  ' S u c c e s s ' .  K i n c t i n ,  and  k i n c t i n  x A l a r  c o m b i n a t i o n s  
had low r e d u c t i o n  i n  t h e  i n c i d e n c e  o f  pecan  shuck  d i s e a s e .  These  
o b s e r v a t i o n s  c o u l d  be i n t e r p r e t e d  t o  mean t h a t  k i n e t i n ,  and k i n e t i n  x 
A l a r  c o m b i n a t i o n s  were n o t  d i r e c t l y  i n v o l v e d  i n  t h e  r e g u l a t i o n  o f  t h e  
o c c u r r e n c e  o f  pe c a n  shuck  d i s e a s e .
Y i e l d  was n o t  a good c r i t e r i o n  t o  e v a l u a t e  t h e  e f f e c t s  o f  k i n e t i n ,  
and k i n e t i n  x A l a r  c o m b i n a t i o n s  i n  t h i s  s t u d y  s i n c e  f r u i t s  were 
h a r v e s t e d  a p p r o x i m a t e l y  one month b e f o r e  n u t  s h e d d i n g .  The 
i n c r e a s i n g  o r  d e c r e a s i n g  e f f e c t  o f  t h e s e  g rowth  s u b s t a n c e s  was n o t  y e t  
c e r t a i n .  I t  i s  t h e r e f o r e  u n j u s t i f i e d  t o  p l a c e  t o o  much em phas i s  on 
k e r n e l  y i e l d  t o  d e t e r m i n e  t h e  e f f e c t s  o f  t h e s e  g ro w th  s u b s t a n c e s  i n  t h i s  
s t u d y .
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Table 9. Effects of kinetin, and the combinations of kinetin and Alar
on the occurrence of pecan shuck disease and kernel yield.
O c c u r r e n c e  o f  p e c a n  Average
shuck  d i s e a s e  as  % y i e l d  o f  k e r n e l
T r e a t m e n t s  o f  t h e  c o n t r o l  (gm/20 n u t s )
K i n e t i n 400 ppm 74.77 66 .7 5
K i n e t i n 100 ppm 74 .8 0 61 .6 5
K i n e t i n 400 ppm X A 1000 ppm 106.64 71 .35
K i n c t i n 4 00 ppm X A 3000 ppm 86 .10 80 .9 0
K i n e t i n 100 ppm X A 3000 ppm 71.25 71 .0 0
K i n e t i n 100 ppm X A 1000 ppm 76 .57 6 7 .5 0
C o n t r o 1 100 .00 7 1 .2 0
SUMMARY AND CONCLUSIONS
T h i s  r e s e a r c h  i n v o l v e d  t h e  s t u d i e s  on l e v e l s  o f  endogenous  
g rowth  p r o m o t e r s  and i n h i b i t o r s  t h a t  r e g u l a t e d  n a t u r a l  shuck  o p e n i n g  o f  
p e c a n ,  r e g u l a t i o n  o f  abnormal  shuck  o p e n in g  (pecan  shuck d i s e a s e )  by 
h o rm ones ,  and  e f f e c t s  o f  s e v e r a l  exogenous  p l a n t  g rowth  s u b s t a n c e s  on 
t h e  o c c u r r e n c e  o f  pe c an  shuck  d i s e a s e  and k e r n e l  y i e l d .
C h rom atographs  o f  t h e  n o n - d i s e a s c d  f r u i t  e x t r a c t s  c o l l e c t e d  from 
7 / 1 3 / 7 5  to  9 / 1 3 / 7 5  i n d i c a t e d  t h e  p r e s e n c e  o f  s e v e r a l  g rowth  s u b s t a n c e s .  
Ch rom atog raphs  o f  t h e  a c i d i c  f r a c t i o n  o f  pecan  f r u i t  e x t r a c t s  g e n e r a l l y  
had  t h r e e  zones  o f  p r o m o t io n  and two zones  o f  i n h i b i t i o n .  The p r o m o t e r s  
found  a t  Rf  0 . 1 - 0 . 2 ,  Rf  0 . 3 - 0 . 4 ,  and  Rf 0 . 8 - 0 . 9  c o u l d  p r o b a b l y  be 
i n d o l c p y r u v i c  a c i d ,  i n d o l e a c e t i c  a c i d ,  and  a  g i b b e r c l l i n  or  a 
g i b b c r e l l i n - l i k e  compound r e s p e c t i v e l y . Zones o f  i n h i b i t i o n  were 
found  a t  Rf 0 . 5 - 0 . 7 ,  and Rf 1 . 0 .  The compound a t  Rf  0 . 5 - 0 . 7  c o u l d  be 
a b s c i s i c  a c i d .  The compound a t  Rf 1 .0  was o f  an unknown n a t u r e  and i t  
was named i n h i b i t o r  C.
C hrom atographs  o f  t h e  n e u t r a l / b a s i c  f r a c t i o n  o f  pe c a n  f r u i t  
e x t r a c t s  g e n e r a l l y  had  a zone o f  i n h i b i t i o n  from Rf 0 .1  t o  Rf 1 .0 .
T h i s  i n h i b i t i o n  zone c o u ld  p r o b a b l y  be due t o  p h e n o l i c  a c i d s .
The l e v e l s  o f  Auxins  (IPyA and IAA) were  h i g h  in  a f l u c t u a t i n g  
manner  one week b e f o r e  t h e  n a t u r a l  open ing  o f  t h e  sh u c k .  The l e v e l s  
o f  a b s c i s i c  a c i d  and i n h i b i t o r  C were c o n s i s t e n t l y  h i g h ,  and r e a c h e d  
t h e i r  maximum l e v e l s  a t  t h e  t im e  o f  n a t u r a l  shuck  o p e n in g .  The l e v e l  
o f  GA o r  a g i b b c r e l l i n - l i k e  compound was f a i r l y  i n c o n s i s t e n t ,  b u t
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f o l l o w e d  t h e  t r e n d  o f  IAA from 7 / 2 7 / 7 5  t o  9 / 6 / 7 5 .  A b s c i s i c  a c i d  and 
i n h i b i t o r  C f o l l o w e d  t h e  t r e n d  o f  IF /A  and IAA, r e s p e c t i v e l y .  An 
i n c r e a s e  i n  a u x i n  a c t i v i t y  was f o l l o w e d  by a c o r r e s p o n d i n g  i n c r e a s e  i n  
i n h i b i t i n g  a c t i v i t y  by a b s c i s i c  a c i d  and i n h i b i t o r  C.
D a ta  o b t a i n e d  s u g g e s t e d  t h a t  a g rowth  p r o m o t e r / i n h i b i t o r  b a l a n c e  
was i n v o l v e d  i n  t h e  r e g u l a t i o n  o f  n a t u r a l  pecan  shuck o p e n i n g .  The 
o c c u r r e n c e  o f  n a t u r a l  pe c an  shuck o p e n i n g  o f  c u l t i v a r  ' S u c c e s s '  was 
f i r s t  g o v e rn e d  by t h e  d i s a p p e a r a n c e  o f  HA o r  t h e  g i b b e r e l 1 i n - 1 ike  
compound and t h e n  f o l l o w e d  by  t h e  d i s a p p e a r a n c e  o f  a u x i n s  and i n c r e a s e s  
i n  a b s c i s i c  a c i d  and i n h i b i t o r  C.
The mechanism r e g u l a t i n g  t h e  n a t u r a l  shuck o p e n in g  was p r o p o s e d .  
The d i s a p p e a r a n c e  o f  GA o r  t h e  g i b b e r e l l i n - l i k e  compound i n d u c e d  i n d o l e -  
a c e t i c  a c i d  t o  be  p h y s i o l o g i c a l l y  a c t i v e  i n  r e g u l a t i n g  e t h y l e n e  
p r o d u c t i o n .  F t h y l e n e  r e g u l a t e d  t h e  s y n t h e s i s  o f  s p e c i f i c  mRNA, 
a p p r o p r i a t e  c om plem en ta ry  t r a n s f e r  and  r i b o s o m a l  RNA t h a t  were p o s s i b l y  
s p e c i f i c  f o r  t h e  s y n t h e s i s  o f  IAA o x i d a s e  o r  p e r o x i d a s e  which o x i d i z e d  
IAA i n  t h e  sh u c k .  The o x i d a t i o n  o f  IAA by IAA o x i d a s e  o r  p e r o x i d a s e  
changed  t h e  hormonal  b a l a n c e  i n  f a v o r  o f  a b s c i s i c  a c i d  making i t  
p h y s i o l o g i c a l l y  a c t i v e  in  r e g u l a t i n g  shuck  o p e n in g  by r e g u l a t i n g  t h e  
s y n t h e s i s  o f  c c l l u l a s e  which was r e s p o n s i b l e  f o r  t h e  d i s s o l u t i o n  o f  
c e l l s  i n  t h e  a b s c i s s i o n  zone t e t w e e n  t h e  s e ed  and t h e  s h u c k ,  and in  
t h e  s u t u r e s  o f  t h e  shuck .
The r e l a t i o n s h i p  be tw een  t h e  endogenous  g rowth  s u b s t a n c e s  
p r e s e n t  i n  t h e  pe c an  s h u c k s  and t h e  r e g u l a t i o n  o f  abnormal  shuck  
o p e n in g  was i n v e s t i g a t e d .  Based on t h e  i n t e r p r e t a t i o n s  o f  t h e  
h i s t o g r a m s  and t h e  s t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a .  Two s i t u a t i o n s  
were o b s e r v e d  t o  be r e s p o n s i b l e  f o r  t h e  o c c u r r e n c e  o f  abnorm al  shuck
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o p e n in g .
Pecan shuck  d i s e a s e  i n  S . t n a t i o n  1 was p r o b a b l y  due t o  t h e  
a b s e n c e  o f  GA o r  t h e  g i b b e r e l l i n - l i k c  compound accom panied  by low ' l e v e l s  
o f  a u x i n s  and  p h e n o l i c  a c i d s .  A b s c i s i c  a c i d  and i n h i b i t o r  C were n o t  
i n v o l v e d  i n  t h e  r e g u l a t i o n  o f  abnormal  shuck o p e n in g  in  S i t u a t i o n  1.
Pecan  shuck d i s e a s e  i n  S i t u a t i o n  2 was p r o b a b l y  due t o  t h e  
p r e s e n c e  o f  g rowth  i n h i b i t o r ( s )  p a r t i c u l a r l y  a t  Rf 0 . 1 - 0 . 4  i n  t h e  a c i d i c  
f r a c t i o n ,  and t h e  a b s e n c e  o f  GA o r  t h e  g i b b c r e l l i n - l i k e  compound a t  
Rf  0 . 8 - 0 . 9  i n  t h e  a c i d i c  f r a c t i o n .  No growth  p r o m o t e r  was found  i n  t h e  
shuck d i s e a s e d  f r u i t s  i n  S i t u a t i o n  2.  In  b o t h  c a s e s ,  pe c a n  shuck 
d i s e a s e  r e s u l t e d  i n  p r e m a t u r e  shuck  o p e n in g  and e a r l y  n u t  s h e d d i n g .
In  t h e  s t u d i e s  o f  e f f e c t s  o f  exogenous  p l a n t  g row th  s u b s t a n c e s  
on t h e  o c c u r r e n c e  o f  p e c a n  shuck d i s e a s e  and k e r n e l  y i e l d .  GA and A l a r ,  
s i n g l y  o r  i n  c o m b i n a t i o n  w i t h  one  a n o t h e r ,  s i g n i f i c a n t l y  r e d u c e d  t h e  
i n c i d e n c e  o f  p e c a n  shuck  d i s e a s e .  GA x A l a r  was most  e f f e c t i v e  i n  
r e d u c i n g  t h e  i n c i d e n c e  o f  p e c a n  shuck  d i s e a s e .  GA was o b s e r v e d  t o  be 
more e f f e c t i v e  t h a n  A l a r .
S y n t h e t i c  c y t o k i n i n  (PBA), GA, a n d / o r  IAA a p p l i c a t i o n s  r e d u c e d  
t h e  i n c i d e n c e  o f  pe c an  shuck  d i s e a s e  t o  a c e r t a i n  e x t e n t ,  b u t  t h e s e  
r e d u c t i o n s  were n o t  s i g n i f i c a n t .  IAA a t  100 ppm i n c r e a s e d  t h e  
i n c i d e n c e  o f  pe c an  shuck d i s e a s e .  O v e r -d o s a g e  o f  exogenous  IAA 
a p p l i c a t i o n ,  a u x i n - i n d u c e d  e t h y l e n e  p r o d u c t i o n ,  and  weak p h y s i o l o g i c a l  
s t a g e  o f  t h e  t r e e  were t h e  r e a s o n s  s u g g e s t e d  f o r  such  i n c r e a s e  in  t h e  
i n c i d e n c e  o f  p e c a n  shuck d i s e a s e .
K i n e t i n ,  and c o m b i n a t i o n s  o f  k i n c t i n  and A l a r  among c h e m i c a l s  
s t u d i e d  were found  t o  be l e a s t  e f f e c t i v e  i n  r e d u c i n g  t h e  i n c i d e n c e  o f  
p e c a n  shuck  d i s e a s e .  I t  was s u g g e s t e d  t h a t  t h e s e  compounds were n o t
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d i r e c t l y  i n v o l v e d  i n  t h e  r e g u l a t i o n  o f  pe c a n  shuck  d i s e a s e .
Y i e l d  was n o t  a  good c r i t e r i o n  t o  e v a l u a t e  t h e  e f f e c t s  o f  t h e s e  
g rowth  r e g u l a t o r s  s t u d i e s  b e c a u s e  f r u i t s  were  h a r v e s t e d  a p p r o x i m a t e l y  
one month b e f o r e  n u t  s h e d d i n g ,  and t h e  i n c r e a s i n g  o r  d e c r e a s i n g  e f f e c t  
o f  t h e s e  g rowth  r e g u l a t o r s  was n o t  c e r t a i n  a t  t h e  t im e  o f  h a r v e s t .
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Appendix 1
A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  t h e  endogenous  l e v e l s  o f  g ro w th  p r o m o t e r s  
and i n h i b i t o r s  f rom pe c an  f r u i t  e x t r a c t s  i n  t h e  r e g u l a t i o n  o f  n a t u r a l  
shuck o p e n in g  ( d e h i s c e n c e )  o f  p e c a n .
Sou rc e  o f  V a r i a t i o n
D egrees
o f
Freedom
Mean
S q u a r e s
F
V a lu e s
F r u i t  s t a g e 11 1995.22 6 . 3 9  **
F r u i t / f r u i t  s t a g e  ( e r r o r  a) 24 312 .31
F r a c t i o n  ( a c i d i c - b a s i c ) 1 17346 .05 2 4 6 .9 7  **
F r a c t i o n  x f r u i t  s t a g e 11 1121 .65 15 .9 7  **
Rf 9 1810 .59 2 5 . 7 8  **
Rf x f r u i t  s t a g e 99 95 .81 1 .3 6  *
Rf x f r a c t i o n 9 350 .18 4 . 9 9  **
Rf x f r a c t i o n  x f r u i t  s t a g e 99 84 .65 1 . 2 0  NS
R e s i d u a l  ( e r r o r  b) 456 70 .24
T o t a l 719
** = P l e s s  t h a n  0 .0 1
* = P l e s s  t h a n  0 .0 5
NS = N o n - s i g n i f i c a n t
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Appendix 2
A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  t h e  hormonal  r e g u l a t i o n  o f  abnormal  
shuck  o p e n i n g  (pecan  shuc k  d i s e a s e )  ( S i t u a t i o n  1 ) .
S o u r c e  o f  V a r i a t i o n
Degrees
o f
f r eedom
Mean
S q u a r e s
F
V a lues
F r u i t  t y p e
F r u i t / f r u i t  t y p e  ( e r r o r  a) 
Rf
F r a c t i o n  ( a c i d i c - b a s i c )
Rf  x f r a c t i o n  
Rf x f r u i t  t y p e  
f r a c t i o n  x f r u i t  t y p e  
Rf x f r a c t i o n  x f r u i t  t y p e  
R e s i d u a l  ( e r r o r  b)
T o t a l
1
18
9
1
9
9
1
9
324
399
44 .2 2  
270 .6 4  
784 .07  
7148 .70  
155 .80  
71 .9 3  
970 .3 2  
110 .19  
65 .1 9
0 . 1 6  NS
12 .0 3  ** 
109 .6 6  ** 
2 .3 9  ** 
1 .1 0  NS 
14 .88  ** 
1 .7 0  NS
** = P l e s s  t h a n  0 .0 1  
NS = N o n - s i g n i f i c a n t
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Appendix 3
A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  t h e  hormonal  r e g u l a t i o n  o f  abnormal  
shuck  o p e n in g  (pecan  shuc k  d i s e a s e )  ( S i t u a t i o n  2).
S o u r c e  o f  V a r i a t i o n
Degrees
o f
Freedom
Mean
S q u a r e s
F
V a lues
F r u i t  t y p e
F r u i t / f r u i t  t y p e  ( e r r o r  a) 
Rf
F r a c t i o n  
Rf x f r a c t i o n  
Rf x f r u i t  t y p e  
F r a c t i o n  x f r u i t  t y p e  
Rf x f r a c t i o n  x f r u i t  t y p e  
R e s i d u a l  ( e r r o r  b)
T o t a l
1
18
9
1
9
9
1
9
342
399
1466 .89
255 .2 0
612 .01
5760 .81
493 .3 7
2 1 9 .3 7  
1584 .04
193 .57
73 .5 0
5 . 7 5  *
8 . 3 3  ** 
7 8 .3 8  ** 
6 .7 1  ** 
2 . 9 8  ** 
21 .5 5  ** 
2 . 6 3  **
** = P l e s s  t h a n  0 .01  
* = P l e s s  t h a n  0 .05  
NS = N o n - s i g n i f i c a n t
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Appendix 4
Analysis of covariance table for effects of GA, Alar, and their
combinations on the incidence of pecan shuck disease.
S o u rc e  o f  V a r i a t i o n
R e g r e s s i o n :
Check ( c o v a r i a b l e )
R e p l i c a t i o n
T r e a t m e n t s
G + A + Comb, vs  C o n t r o l  
G + A vs  Comb.
G vs  A
G 200 + G 350 vs  G 500 
G 200 vs  G 350 
A 1000 vs A 3000
G 200 X A + G 350 x A vs G 500
x A
G 200 X A vs G 350 x A
G 200 X A 1000 vs  G 200 x A 3000
G 350 X A 1000 vs G 350 x A 3000
G 500 X A 1000 vs  G 500 x A 3000
Time
T r e a tm e n t  x t im e
E r r o r
T o t a l
Deg rees
o f  Me an F
Freedom S q u a r e s  V a lues
1
1 52 41 .56 1 .67  NS
11 19487 .02 6 . 1 9  **
1 7 0 2 1 7 .1 8 22 .3 1  **
1 6 4 4 27 .30 20 .4 7  **
1 5 9 0 4 3 .8 8 1 8 .7 6  **
1 6 1 3 2 .15 1 .9 4  NS
1 1193.31 0 . 3 7  NS
1 10512.81 3 .3 4  NS
1 9 8 9 1 .1 5 3 . 1 4  NS
1 4041 .71 1 . 2 8  NS
1 14 .53 0 . 0 0  NS
1 166 .7 0 0 . 0 5  NS
1 102 .03 0 . 0 3  NS
1 35112.71 11 .1 6  **
11 6 4 1 5 .3 9 2 . 0 4  NS
22 3 1 46 .50
47
** = P l e s s  t h a n  0 .01  
NS = N o n - s i g n i f i c a n t
G = G i b b e r e l l i c  a c i d  (GA) 
A = A l a r  (SADIl)
Comb.= GA x A l a r  c o m b i n a t i o n
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Appendix  5
A n a l y s i s  o f  c o v a r i a n c e  t a b l e  f o r  e f f e c t s  o f  GA, A l a r ,  and t h e i r  
c o m b i n a t i o n s  on y i e l d s  o f  p e c a n ,  c u l t i v a r  ' S u c c e s s 1.
S o u r c e  o f  V a r i a t i o n
O c t r e e s
o f
Freedom
Mean
Sq u a r e s V a lu e s
R e p r e s s i o n
t: r r o r
13
10
10172 .2 3  
6 3 0 9 .0 0
1 . 6  5 NS
T o t a l
NS = N o n - s i g n i f i c a n t
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Appendix 6
A n a l y s i s  o f  c o v a r i a n c e  t a b i c  f o r  e f f e c t s  o f  IAA, CA, P11A, 
c o m b i n a t i o n s  on t h e  i n c i d e n c e  o f  pe c a n  shuck u i s e n s e .
S o u rc e  o f  V a r i a t i o n
Degrees
o f
Freedom
Mean
Sq u a r e s
R e g r e s s i o n : 
Check
T r e a t m e n t s
Time
E r r o r
T o t a l
1
10
1
9
21
1140 .3 6
10521 .34
4 2 7 9 0 .0 5
4 0 15 .57
and t h e i r  
F
V a lu e s
0 .2 8  NS 
2 .62  NS 
10.66  * *
** = P l e s s  t h a n  0 .01  
NS = N o n - s i g n i f i c a n t
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Appendix 7
A n a l y s i s  o f  c o v a r i a n c e  t a b l e  f o r  e f f e c t s  o f  IAA, GA, PBA, 
c o m b i n a t i o n s  on y i e l d  o f  p e c a n ,  c u l t i v a r  ' S u c c e s s '
Degrees
o f  Mean
S o u rc e  o f  V a r i a t i o n  Freedom S q u a r e s
R e g r e s s i o n :
Check 1 1834 .7 0
T r e a t m e n t  10 6 3 1 6 .27
E r r o r  10 5 6 4 1 .60
T o t a l  21
and t h e i r  
F
V a lues
0 . 3 3  NS 
1 .1 4  NS
NS = Non-significant
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Appendix 8
A n a l y s i s  o f  c o v a r i a n c e  t a b l e  f o r  e f f e c t s  o f  K i n c t i n ,  A l a r ,  
c o m b i n a t i o n s  on t h e  i n c i d e n c e  o f  pe c a n  shuck d i s e a s e .
S o u rc e  o f  V a r i a t i o n  
S o u r c e  o f  V a r i a t i o n
Degree
of
Freedom
Mean
S q u a r e s
R e g r e s s i o n ; 
Check 
T r e a t m e n t  
Time 
iir r o r  
T o t a l
1
6
1
5
13
21380 .6 5
2 0 32 .00  
1531 .30
1466.01
and t h e i r  
F
Vo l u e s
14 .5 8  ** 
1 .3 9  NS 
1 .04 NS
** = P l e s s  t h a n  0 .01  
* = P l e s s  t h a n  0 .0 5  
NS = N o n - s i g n i f i c a n t
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Appendix 9
A n a l y s i s  o f  cova i ’i a n c c  t a b l e  f o r  e f f e c t s  o f  k i n e t i n ,  and t h e  
o f  k i n e t i n  and A l a r  on k e r n e l  y i e l d .
Sou rc e  o f  V a r i a t i o n
Degrees
o f
Freedom
Mean
S q u a r e s
R e g r e s s i o n :
Check
T r e a t m e n t
E r r o r
T o t a l
1
6
6
13
3 35 .5 0  
3 5 4 0 .0 4  
750 .74
NS = Non-significant
c o m b i n a t i o n s
F
Values
0 .4 5  NS 
4 .7 2  NS
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Appendix 10
Development  o f  c o l o r  w i t h  some s p e c i f i c  c h e m ica l  r e a g e n t s  by p i n k i s h -  
r e d  unknown i n h i b i t i n g  compound a t  Rf 0 . 3 - 0 . 4  i n  t h e  a c i d i c  f r a c t i o n  
o f  t h e  e t h e r  e x t r a c t s  from t h e  s h u c k - d i s e a s e d  f r u i t s  ( S i t u a t i o n  2)
REAGENTS
COLOR DEVELOPED BY 
UNKNOWN INHIBITOR
P r o c h a z k a ' s  r e a g e n t —^ y e l  low
2 /M o d i f i e d  S a l k o w s k i ' s  r e a g e n t — y e l l o w
3/Ctnnamedehydc -l lC l— y e l l o w
NaN02 + HC1-/ y e l l o w
5 /N i n h y d r i n — o r a n g e
J_/ The chrom a togram  was s p r a y e d  w i t h  t h e  m i x t u r e  o f  f o rm a ld e h y d e  (35 -  
40%),  conc .  HC1 and v a t e r  ( 1 : 1 : 2 ) .  The chrom atogram  was a i r - d r i e d .
2 /  The s p r a y  r e a g e n t  was p r e p a r e d  by m ix in g  50 p a r t s  5% p e r c h l o r i c
a c i d  w i t h  one  p a r t  o f  0 . 0 5  M Fe C l^ .  The chrom atogram  was a i r - d r i e d .
3 /  The ch rom ato gram  was s p r a y e d  w i t h  1% c i n n a m a l i e h y d e  i n  m e t h a n o l .
The s p r a y e d  chrom atogram  was p u t  i n  chamber  c o n t a i n i n g  e q u a l  p a r t s
o f  H-SO. and HC1.2 4
4 ]  The chrom a togram  was s p r a y e d  w i t h  s o l u t i o n  o f  NaN0? (1 gm) i n  1 
N IIC1 (100 ml)  and t h e n  a i r - d r i e d .
5 /  The chrom atogram was s p r a y e d  w i t h  s o l u t i o n  o f  0 . 3  gm n i n h y d r i n  
i n  100 ml n - b u t a n o l  and 3 ml a c e t i c  a c i d .  The chrom atogram was 
a l l o w e d  t o  a i r - d r i e d .
* l l a i s ,  I .  M. , and K. Macek. 1963. P a p e r  Ch rom atog raphy .
Academic P r e s s ,  New York.  955 pp.
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